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Technology adoption in agriculture plays a vital role in coping with exponential population 
growth. Since the Green Revolution in the 1960s, researchers have been extensively 
investigating issues and challenges in technology adoption. These issues are more complex in 
developing countries due to poverty and shortcomings in agricultural insurances. Poor farmers 
who are risk-averse and favor a higher discount rate tend to opt-out from adopting the 
innovations, causing poverty-traps. Emerging attention on environmental degradation from 
customers in more developed countries also gives pressure to farmers for practicing sustainable 
farming, especially when they grow controversial crops such as oil palm.  
High productivity and low production cost in comparison to other vegetable oils have led 
to palm oil dominating the world market. In one hand, the palm oil production increases 
farmers’ welfare and improves their nutrition intake. In the other hand, palm oil production 
threatens biodiversity and promotes deforestation. However, achieving farmers’ adoption of 
sustainable farming practices also meets challenges due to lack of awareness and information 
for environmental conservation. 
This dissertation proposes a topic of technology adoption under the consideration of risk 
attitudes and time preferences. The study was conducted in Jambi Province, Sumatra, Indonesia. 
We involved smallholder farmers (in later parts, we refer to them as “farmers”), who cultivated 
oil palm, rubber, and both. This dissertation consists of three papers covering: (1) farmers’ 
adoption of palm oil certification that indicates sustainable palm oil production; (2) farmers’ 
adoption of a new type of crops; (3) farmers’ risk attitude and time preferences, where we 
broaden our observations by involving farmers from another comparable developing country, 
namely India.  
The first paper investigates three policy scenarios to support farmers’ participation in palm 
oil certification. The certification programs were introduced to mediate the trade-offs between 
the economic benefits and environmental consequences of oil palm cultivation, for example, 
deforestation. However, farmers’ participation rates remain low, even though the certification 
programs have been introduced since many years. Regarding the escalating concern for 
environment, effective policies to increase farmers participation in the certification programs 
are needed. To evaluate the effect of the policy scenarios, we utilized a social dilemma 
experiment. We found that price premiums for certified palm oil and information about land-




The second paper discusses oil palm adoption by farmers, which happened relatively fast, 
contradicting the literature that mentions farmers’ slow adoption. In Jambi, rubber was an 
important crop cultivated among generations. The farmers cultivate rubber in both agroforest 
and monoculture form, where the monoculture gives higher profits than agroforest. Meanwhile, 
farmers’ oil palm cultivation was initiated later, coupled with the transmigration program 
around the year 1900. In this program, the farmers received supports from the government for 
early establishment of oil palm plantations. When the program and the support were gradually 
reduced, farmers continued the adoption independently.  
Previous literature mentions that higher profit per head of labour working in oil palm 
plantations and the possibility to add income from off farm activities are some reasons of the 
farmers’ fast adoption. However, if farmers only seek for higher profits than what they already 
received from agroforest, converting part of the agroforest to a rubber monoculture should be a 
safer choice than establishing oil palm plantations. Rubber has been cultivated longer. Hence, 
the farmers have prior knowledge of rubber cultivation. Moreover, rubber monoculture has 
higher returns per hectare than oil palms. Thus, it seems that the adoption also reasoned by an 
intention to cultivate two crops. We analyze this crop adoption with the underlying hypothesis 
that farmers’ risk attitudes and time preferences affect crop-diversification. Our findings show 
that risk-averse farmers prefer to cultivate both crops.  
Prior knowledge about the direction and strength of farmers’ risk attitudes and discount rates 
is important in technology adoption. The policymaker can use this knowledge to plan informed 
future policies supporting technology adoption. Risk aversion and high discount rates inhibit 
farmers from participating in innovations and trap them in poverty. The third paper presents the 
risk attitudes and time preferences of farmers from India and Indonesia and compares them. 
Our finding shows that Indian farmers have a higher level of risk aversion compared to 
Indonesian farmers, but farmers from both countries show extremely high discount rates 






Die Nutzung neuer Technologien in der Landwirtschaft spielt eine entscheidende Rolle, um die 
durch exponentielles Bevölkerungswachstum bedingten Herausforderungen zu bewältigen. Seit 
der Grünen Revolution der 1960er Jahre haben Forscher Probleme und Herausforderungen, 
welche mit der Nutzung von neuen Technologien verbunden sind, eingehend untersucht. Diese 
Probleme sind in Entwicklungsländern aufgrund von Armut und mangelhaften 
landwirtschaftlichen Versicherungen noch komplexer. Landwirte mit niedrigem Einkommen, 
die risikoavers sind und eine hohe Diskontrate bevorzugen, nutzen selten innovative 
Technologien, wodurch sie in Armut gefangen bleiben. Eine erhöhte Aufmerksamkeit gilt in 
weiter entwickelten Ländern auch der Umweltzerstörung durch landwirtschaftliche Aktivitäten. 
Dementsprechend werden Landwirte als Produzenten unter Druck gesetzt, nachhaltige 
Landwirtschaft zu betreiben, besonders wenn sie umstrittene Nutzpflanzen wie Ölpalmen 
anbauen. Hohe Produktivität und niedrige Produktionskosten im Vergleich zu anderen 
Pflanzenölen haben dazu geführt, dass Palmöl den Weltmarkt dominiert. Einerseits erhöht die 
Palmölproduktion das Einkommen der Landwirte und verbessert ihre Ernährungssituation. Auf 
der anderen Seite bedroht sie Biodiversität und fördert die Abholzung des Regenwaldes. 
Mangelndes Bewusstsein für den Umweltschutz und mangelnde Informationen über dieses 
Thema stellen eine weitere Herausforderung dar. 
Diese Dissertation analysiert die Nutzung neuer Technologien unter Berücksichtigung von 
Risikoeinstellungen und Zeitpräferenzen. Die der Dissertation zu Grunde liegenden Studien 
wurden in Jambi durchgeführt, einer Provinz auf der indonesischen Insel Sumatra. Der Fokus 
liegt auf Kleinbauern, die Ölpalmen und/oder Kautschuk anbauen. Die Dissertation besteht aus 
drei Kapiteln, die folgende Themen behandeln: (1) Die Teilnahme von Landwirten an 
Palmölzertifizierung, was eine nachhaltige Produktion von Palmöl bedeutet; (2) Die 
Kultivierung neuer Nutzpflanzen durch Landwirte; (3) Die Risikoeinstellungen und 
Zeitpräferenzen von Landwirten, wofür wir Daten von Landwirten aus einem vergleichbaren 
Entwicklungsland, nämlich Indien, mit einbeziehen. 
Das erste Kapitel untersucht drei Politikszenarien, die die Teilnahme der Landwirte an 
Zertifizierungsprogrammen für Palmöl fördern sollen. Die Palmölzertifizierungsprogramme 
wurden eingeführt, um die Konflikte zwischen ökonomischen Vorteilen für Landwirte und 
negativen Umweltfolgen des Ölpalmenanbaus zu mindern, zum Beispiel die Abholzung von 




Zertifizierungsprogramme seit vielen Jahren existieren. In Anbetracht der wachsenden 
Besorgnis über die Umweltfolgen sind wirksame Interventionen erforderlich, um die 
Beteiligung der Landwirte an den Zertifizierungsprogrammen zu erhöhen. Um den Effekt der 
Politikszenarien zu evaluieren, haben wir ein soziales Dilemma-Experiment implementiert. 
Unsere Ergebnisse zeigen, dass Preisaufschläge für zertifiziertes Palmöl und Informationen 
über Landnutzungsänderungen die Landwirte motivieren, den Wald zu erhalten. 
Das zweite Kapitel diskutiert die rasche Übernahme von Ölpalmenanbau durch die 
Landwirte, die der in der Literatur beschriebenen langsamen Übernahme neuer Technologien 
widerspricht. In Jambi ist Kautschuk seit vielen Generationen ein wichtiges Anbauprodukt. Die 
Landwirte bauen den Kautschuk sowohl in Agroforsten als auch in Monokultur an, wobei die 
Monokultur höhere Gewinne abwirft als der Agroforst. Demgegenüber wurde der 
Ölpalmenanbau später von der Regierung in Verbindung mit dem so genannten 
Transmigrationsprogramm um das Jahr 1900 initiiert. In diesem Programm erhielten die 
Landwirte Unterstützung von der Regierung für die erste Errichtung von Ölpalmenplantagen. 
Nach der Reduktion des Programms und der Unterstützung setzten die Landwirte die 
Einführung von Ölpalmen selbstständig fort.  
In der Literatur wird beschrieben, dass ein höherer Gewinn pro Kopf bei Ölpalmenplantagen 
und die Möglichkeit, das Einkommen durch außerlandwirtschaftliche Tätigkeiten zu erhöhen, 
einige Gründe für die schnelle Akzeptanz der Landwirte sind. Wenn sie jedoch nur höhere 
Profite anstreben als die, die sie mit den bisherigen Kautschuk-Agroforsten erzielen, sollte die 
teilweise Umwandlung in eine Kautschuk-Monokultur eine sicherere Wahl sein als die 
Umwandlung in Palmölplantagen. Kautschuk wird schon länger angebaut, und daher haben die 
Landwirte mehr Vorkenntnisse in dessen Anbau. Darüber hinaus hat die Kautschuk-
Monokultur höhere Erträge pro Hektar als Ölpalmen. Es scheint also, dass die Akzeptanz auch 
durch die Absicht begründet ist, zwei Nutzpflanzen anzubauen. Wir analysieren die Wahl der 
Anbaukultur auf Grundlage der Hypothese, dass die Risikoeinstellungen und die 
Zeitpräferenzen der Landwirte die Diversifizierung des Anbaus beeinflussen. Unsere 
Ergebnisse zeigen, dass risikoaverse Landwirte es vorziehen, beide Nutzpflanzen anzubauen. 
Kenntnisse über die Richtung und Ausprägung von Risikoeinstellungen und Zeitpräferenzen 
der Landwirte sind wichtig für die Einführung neuer Technologien. Politische 
Entscheidungsträger können dieses Wissen nutzen, um fundierte künftige Maßnahmen zur 
Unterstützung der Technologieübernahme zu planen. Risikoaversion und hohe Diskontraten 




Das dritte Kapitel analysiert die Risikoeinstellungen und Zeitpräferenzen von Landwirten in 
Indonesien und Indien und vergleicht sie. Unsere Ergebnisse zeigen, dass indische Landwirte 
im Vergleich zu indonesischen Landwirten eine höhere Risikoaversion haben, jedoch sind 
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I. General introduction 
… technology adoption in agriculture is an engine of economic growth and an important way 
to increase farm productivity and improve food security around the world.  
That phrase is stated by Chavas and Nauges, (2020 p.49) in their review on literature 
investigating technology adoption in agriculture. The innovations are constantly needed to cope 
with exponential population growth. Hence, the challenges of technology adoption should be 
taken. Chavas and Nauges (2020) list four main issues in technology adoption. First, the 
innovations’ benefits are not fully understood ex-ante. Second, farmers’ adoption strongly 
depends on external factors such as economic conditions. Third, establishing innovation is a 
complicated and time-consuming process. Fourth, the innovations’ benefit changes overtime. 
Marra et al. (2003) emphasises three distinct elements influencing technology adoption: (1) 
farmers’ learning process; (2) technologies’ uncertainty and riskiness; (3) farmers’ risk 
attitudes.  
The complexity of technology adoption in developing countries is aggravated by several 
factors. First, reciprocal relations between poverty and farmers’ risk aversion and high discount 
rates. Poor farmers who are risk-averse and favour high discount rates do not participate in 
innovation and are reluctant to make investments. Accordingly, they are eliminated from the 
innovations’ benefits, and hence, stay poor (Brick and Visser, 2015). Second, agricultural 
insurances can break the poverty-traps, but they are not well implemented or unaffordable 
(Carter et al., 2017). Third, challenges emerge when farmers produce a controversial crop such 
as oil palms due to trade-offs between farmers’ welfare and environmental degradation, 
resulting in slow participation in sustainable agriculture (e.g., Grass et al., 2020). Thus, the 
benefits of environmental conservation that are offered in the far future are not appealing for 
farmers with short-term future planning (Stevenson et al., 2014). Finally, limited access to 
information poses another challenge in technology adoption.  
This dissertation discusses a topic of technology adoption in agriculture under the 
consideration of farmers’ risk attitudes and time preferences. The study took place in Jambi 
Province, Sumatra, Indonesia. Three papers are presented here. Chapters II, III, and IV present 
the first, second, and third paper, respectively. Chapter V presents the general conclusions and 
proposes outlooks for future research and policy recommendations. In the following, brief 
introductions for each paper are provided. 
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1. Farmers’ adoption of palm oil certifications  
Massive palm oil production is driven by high demands of vegetable oils to produce biofuel, 
food, and other industrial purposes (Carter et al., 2007; McCarthy and Zen, 2010). Palm oil is 
more successful due to higher productivity and lower production cost per land area, compared 
to other vegetables oils (Corley and Tinker, 2016). Starting in 2004, palm oil dominated the 
market for vegetable oils (Carter et al., 2007). Figure I-1 shows the steep growth of palm oil 
production, globally. In the last three decades, the palm oil production rose from nine to more 
than 70 million-tons, which indicates an annual growth rate of 7% (FAO, 2020).  
 
Figure I-1. World production of palm oil  
Source: FAO (2020) 
Currently, Indonesia, Malaysia, Thailand, Colombia, and Nigeria are the top-five palm oil 
producers. Figure I-2 shows the production of each country (FAO, 2020). Two major producing 
countries are Malaysia and Indonesia. Until 2005, Malaysia was the biggest producer but in 
2006, Indonesia took the position. Since then, Indonesia is the biggest palm oil producer. Alone 
in 2018, Indonesia contributed to more than 60% of world production. The Indonesian palm oil 
production develops rapidly as more areas are established, and more producers participate. The 
area increased from 0.5 to 6.7 million-hectares within 1988 until 2018 (FAO, 2020). The 
plantations spread outside of the main island, Java, and the biggest productions take place in 
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by the government and private companies as well as small-scale plantations managed by 
farmers (Euler et al., 2016).  
 
Figure I-2. Top-five producer countries of palm oil 
Source: FAO (2020) 
The oil palm cultivation improves farmers’ welfare in terms of higher consumption 
expenditures and calorie intakes (Euler et al., 2017). As the income of each household increases, 
the rural poverty also reduces (Rist et al., 2010). However, the palm oil production generates 
environment issues regarding massive monoculture land use that leads to deforestation 
(Wilcove and Koh, 2010). Following the deforestation are smoke from forest clearing that 
worsen the greenhouse gas fluxes. The palm oil production also threatens biodiversity and 
causes a decline in ecosystem functions (Grass et al., 2020).  
Wilcove and Koh (2010) list at least three various attempts to slow down the deforestation 
and to produce palm oil sustainably including direct regulations, REDD+ payment, and palm 
oil certification programs. Direct regulation has a disadvantage of the government’s double role 
as policymaker and producers that promote multiple interests during the regulations’ 
enforcement (Wilcove and Koh, 2010). REDD+ stands for Reducing Emission from 
Deforestation and Degradation in developing countries, which is a set of policies based on the 
Kyoto-Protocol (Gardner et al., 2012). The success of REDD+ depends strongly on steady and 
sufficient funding (Wilcove and Koh, 2010). The palm oil certification programs regulate palm 
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premium. Carlson et al. (2018) proves that the certification is successful in reducing 
deforestation. 
The top two palm oil certifications in Indonesia are the Roundtable on Sustainable Palm Oil 
(RSPO) and Indonesian Sustainable Palm Oil (ISPO). With the growing environmental 
concerns in more developed countries (such as in Europe and Australia), large-scale plantations 
started to produce certified palm oil. However, challenges are met to involve farmers. Obstacles 
including involvement in deforestation, land disputes, risk aversion, high discount rates, and 
other external factors inhibiting their participation (e.g., Brandi et al., 2015; Lee et al., 2011; 
Resosudarmo et al., 2014; Ruysschaert and Salles, 2014; Silva-Castaneda, 2012; Stevenson et 
al., 2014). Nevertheless, substantial effects of certifications can be achieved only if more 
farmers participate (Carlson et al., 2018). To date, big shares of oil palm plantation areas are 
managed by farmers (for example, in Jambi more than 60%; Grass et al., 2020). Therefore, 
policies should be implemented to support farmers’ participation. A question then emerges: 
which policy should be implemented? 
Paper-1 presents the investigation of three policy scenarios encouraging farmers’ 
participation in the certifications. Those are price premium, provision of environmental 
information, and communication of group norms. An ex-ante policy-impact-analysis was used 
to examine the effects of the policy scenarios. We involved 636 farmers and carried out a social 
dilemma experiment following Andreoni (1995). In this experiment, the farmers were grouped, 
and each should make either a private purchase or a group investment. The private purchase 
depicted deforestation and the group investment implied preserving forest. This design confronted 
them with a dilemma of gaining additional private profits from deforestation or a society well-
being. The results of this study provide a preliminary insight for policymaker and related 
agencies while encouraging farmers to participate in the certifications. 
2. Farmers’ adoption of a new crop 
Jambi Province is an important province for rubber production and one of the oil palm boom’s 
hotspots in Indonesia. The literature records changes of land use in Jambi Province regarding 
oil palm after the year 1900. Figure I-3 shows the changes of land use in Jambi based on 
Ekadinata and Vincent (2011 p. 10). Within 1993-2005, the land cover areas for forest reduced 
from 42% to 30% and rubber agroforest reduced from 15% to 11%. In contrast, the area for oil 
palm plantation areas increased from 4% to 19%. The area for rubber monoculture and other 
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purposes remained identical (26% – 27%). In this figure, “other” refers to rice fields, 










Figure I-3. Land use change in Jambi Province 
Source: Ekadinata and Vincent (2011, own illustration) 
In Jambi, rubber has been planted for many decades using agroforest and/or monoculture 
systems. Rubber agroforest is an environmentally land-use practice, where rubber trees are 
planted among other plants and imitate the rich diversity of plants in forest (Feintrenie and 
Levang, 2009; Rembold et al., 2017). However, a substantial amount of agroforest is converted 
into monoculture that gives higher profits (Grass et al., 2020). Oil palm is a relatively newer 
crop compared to rubber. Oil palm cultivation began with the transmigration program around 
the year 1900. The transmigration program in Indonesia is a program to relocate people from 
islands with high population density to less dense island such as Sumatra, Borneo, Sulawesi, 
and Papua (Fearnside, 1997). This program had an important role in palm oil cultivation in the 
destined islands1.  
When the transmigration program and support were gradually decreased, the adoption 
continued and promoted “independent farmers.” Independent farmers are those who cultivate 
 
1 In this program, each participant receives, on average, two hectares of land for settlement, food crop cultivation, 
and cash crop cultivation, usually oil palms. These lands are near state plantations. This arrangement enables the 
government’ support, including inputs and agricultural extension (Gatto et al., 2015). The government also 
enforces large-scale private companies to make similar arrangement to support farmers as an exchange for land 
concession and subsidies. The transmigration program also increases chemical fertilizer usage and develops 
infrastructures, which accelerates the palm oil production (Gatto et al., 2015). 
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oil palm without the government’s direct support. Until recently, the adoption occurs frequently 
independently (Euler et al., 2016). Even though rubber is an important cash crop in Jambi, oil 
palm got an important position in a relatively short time period (Casson and Obidzinski, 2002). 
This contradicts the previous studies finding farmers’ slow adoption of a new crop due to their 
risk aversion (e.g., Liu, 2013). Farmers’ risk aversion creates reluctance to cultivate new crops 
that needs unfamiliar inputs while they want to be extra careful in managing farms as their 
main/only isource of income (Dercon and Christiaensen, 2011).  
Several studies inform some motivating factors of oil palms’ rapid adoption (e.g., Euler et 
al., 2017; Feintrenie et al., 2010; Kubitza et al., 2018). First, oil palm cultivation is appealing 
for small size household because it needs fewer working hours than rubber. Second, fewer 
working hours also mean higher profit per head of labour working in oil palm plantation. Third, 
cultivating oil palm generates opportunities of off-farms activities. However, if farmers only 
seek for additional income or higher profits than what they already received from agroforest, 
converting part of the agroforest to a rubber monoculture should be a safer choice than 
establishing oil palm plantations. As the oil palm cultivation came later, the rubber cultivation 
was more familiar. Moreover, rubber monoculture has higher returns per hectare than oil palm 
(Feintrenie et al., 2010). Therefore, generating extra income is not the only reason of farmers 
to adopt oil palm, instead the farmers have a desire to produce both rubber and oil palm 
simultaneously (Euler et al., 2017 p. 221; Feintrenie et al., 2010 p. 391).  
Cultivating two or more crop simultaneously, so-called crop-diversification, is meant to 
reduce income variances during a “bad yield” of one crop (Dercon, 1996). Paper-2 discussed 
farmers’ decision to cultivate two perennial crops (rubber and oil palm) regarding their risk 
attitudes and time preferences. This paper examines one other motivating factor of oil palm 
adoption and enriches the literature, which so far discusses merely seasonal/annual crop-
diversification (e.g., Bezabih and Sarr, 2012; Chavas and Di Falco, 2012; Dercon, 1996).  
In this paper, we propose two hypotheses: (1) more risk-averse farmers cultivate oil palms 
besides rubber; (2) farmers with a higher discount rate cultivate oil palms besides rubber. We 
find that farmers who cultivate two crops are more risk-averse than those who cultivate one 
crops. The discount rates between two groups of farmers are not different, but the discount rates 
are extremely high.  
These findings lead to two different directions of policy. First, if policymaker want farmers 
to focus on rubber production, which means not supporting crop-diversification. Future policies 
should favor rubber production by imposing financial incentives for rubber producers such as 
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floor prices or agricultural insurances during rainy season. Additionally, the regulation of the 
rubber price must be enforced because the world price transmits asymmetrically which creates 
loss for farmers (Kopp et al., 2017). Second, palm oil production should be favored if 
policymaker want to support the crop-diversification. For example, by increasing the number 
of mills to accommodate the perishable oil palm fruits.  
3. Farmers’ risk attitudes and time preferences  
Farmers’ risk attitudes play an important role in technology adoption, where risk-averse farmers 
create a delay or reduced adoption (Brick and Visser, 2015; Liu, 2013). The decision-makers’ 
risk attitudes are usually measured together with their discount rates (e.g., Andersen et al., 
2008; Tanaka et al., 2010). High discount rates are problematic if innovation includes a project 
with a long-term benefit (Bauer and Chytilová., 2010; Harrison et al., 2005). For instance, this 
applies to a project related to environmental conservation, such as a sustainable agriculture 
program. The idea of saving the environment for future generations can be too vague compared 
to monoculture’s income in the closer future (Lee, 2005; Stevenson et al., 2014).  
Paper-3 investigates farmers’ risk attitudes and time preferences. The dataset of this paper 
is extended by involving farmers from India. This study involves 772 Indian and 756 Indonesian 
farmers. A Holt and Laury task (HL-task) and a Coller and Williams task (CW-task) were 
carried out to observe the risk attitudes and time preferences (Coller and Williams, 1999; Holt 
and Laury, 2002). The villages in India were located around a city and the villages in Indonesia 
were in more remote areas. In this circumstance, we can compare whether the farmers’ 
preferences are the same.  
To date, studies of farmers’ risk attitude and discount rate were conducted usually in a single 
country (e.g., Bauer et al., 2012; Nguyen, 2011; Tanaka et al., 2010). Likewise, if research was 
based in two or more countries, they did not focus on farmers (e.g., Falk et al., 2018). Our study 
was a direct country comparison in one paper without being a review or meta paper. This comes 
with the advantage that the experimental framework conditions in both countries were perfectly 
harmonised. For instance, the data collection was conducted at a similar time frame which 
anticipated changes in the economic conditions, using the same elicitation method (HL-task 
and CW-task), and focused only on farmers. Furthermore, this study extended on previous 
research that focused only on risk attitudes or time preferences. For example, Harrison et 
al. (2009) study, compared farmers’ risk attitudes in three different income levels countries but 
did not discuss the time preferences. The same could be said for the study by Wang et al. (2016) 
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which compared the time preferences of students in a laboratory experiment from many 
countries but neglected the discussion of risk attitude. To focus on the elicitation of risk attitudes 
and time preferences at the same time is advantageous because it allows risk attitudes to be 
considered when calculating time preference, rather than assuming risk neutrality. Therefore, 
this study is novel in terms of involving two countries, risk and time preferences as well as 
focusing on farmers. 
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obstacle was the farmers’ practice of deforestation which was forbidden by the agencies. In this 
context, we investigated three policies that could lead to a reduction in rainforest deforestation 
by farmers: price premium on certified palm oil, the provision of environmental information and, 
contributor recognition. To evaluate the influence of the policies ex-ante, we conducted a social 
dilemma experiment involving rubber and oil palm farmers in Jambi Province, Sumatra, 
Indonesia. The findings indicated that the price premium and provision of context-specific 
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1. Introduction  
High global demand for palm oil and its profitability accelerates rainforest conversion to oil 
palm plantations in Indonesia (Wilcove and Koh, 2010). This creates trade-offs along the value 
chain between the three dimensions of sustainability, i.e., economic, social, and environmental2. 
On the economic dimension, the palm oil production has considerably increased incomes of oil 
palm farmers (Euler et al., 2017). On the social dimension, poverty among farmers has reduced 
as they also benefitted from the palm oil boom (Rist et al., 2010)3. On the environmental 
dimension, however, there are consequences in terms of greenhouse gas emission and the loss 
of biodiversity (Gatto et al., 2015; Laurance et al., 2010; Wilcove and Koh, 2010). To mitigate 
the trade-offs between the three dimensions, sustainable palm oil (SPO) certification schemes 
have been introduced by national and international agencies4 to upgrade the palm oil value 
chain. Such upgrades were designed to tackle all three dimensions of sustainability.  
However, SPO schemes have been criticized as transforming the palm oil industry towards 
more sustainability too slowly. Particularly, the enrolment rates of Indonesian farmers in SPO 
schemes remain low even though they contribute to 40% of the entire palm oil production of 
Indonesia, on average (Noor et al., 2017; UNDP, 2014). Likewise, deforestation still occurs at 
a substantial extent, creating further trade-offs between the dimensions of sustainability (Euler 
et al., 2016). There seem to be two major reasons for low participation by farmers in SPO 
certification. Firstly, rainforest conversion to oil palm plantations is socially accepted among 
farmers as it improves their household’s income (Brandi et al., 2015; Lee et al., 2011; Silva-
Castaneda, 2012). Under traditional customs, farmers acquire rainforest from the community 
without formal land titles (Krishna et al., 2017; Resosudarmo et al., 2014). Accordingly, 
required documents from the SPO agencies such as formal land titles cannot be provided, 
inhibiting farmers’ participation in certification schemes. Secondly, SPO production by farmers 
 
2 According to the Food and Agriculture Organization, the three dimensions of sustainability are rather broadly 
defined. Economic sustainability was achieved when an activity was commercially or fiscally viable for all actors 
or support providers along the value chain. Social sustainability was determined by the ability to achieve an 
equitable distribution of the additional generated value. Poor households should benefit sufficiently from the 
upgrade in the value chain. Environmental sustainability refers to the ability of creating a positive impact or at 
least not a negative impact on the natural environment. 
3 There also exists a trade-off between the economic and social dimension of sustainability which are outside the 
scope of this study. For example, landownership was disputed between local communities/indigenous communities 
and producers who were granted access to land by the government (Ministry of Agriculture, 2015). 
4 The certification agencies for sustainable palm oil in Indonesia are: Indonesian Sustainable Palm Oil (ISPO); 
International Sustainability and Carbon Certification (ISCC); Palm Oil Innovation Group (POIG); Rainforest 
Alliance (RA)/Sustainable Agriculture Network (SAN); Roundtable on Sustainable Biomaterials (RSB); 
Roundtable on Sustainable Palm Oil (RSPO); Sustainable Palm Oil Manifesto (SPOM). 
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is not always financially viable. Profit from rainforest conversion to oil palm plantations often 
exceed the profit from certification, resulting in prohibitively high opportunity costs for 
certification (Ruysschaert and Salles, 2014). To reduce opportunity costs, certification agencies 
pay a price premium for sustainably produced palm oil. However, these price premia are not 
clearly stated by the agencies (Hidayat et al., 2015). Hence, the question remains whether the 
price premium effectively alters the behaviour of participants in general and of targeted farmers. 
Apart from utilizing price premia to mitigate trade-offs between the economic and 
environmental dimension, other potential policies to mitigate these trade-offs have not yet been 
investigated. Another approach could be to increase the social desirability of rainforest 
preservation, which could be triggered either individually or through peer effects. Providing 
environmental information could be one tool to alter behaviour on an individual level by 
encouraging individuals to make a positive contribution to the environment (Steg and Vlek, 
2009). Environmental information has been successfully tested to promote pro-environmental 
behaviour in other contexts such as reduced energy usage (McMakin et al., 2002). Another tool 
is using group norms to stimulate desired behaviour. Group members are more likely to follow a 
norm if the group unambiguously signals the desirability of the norm (Steg et al., 2014). 
Nevertheless, it was not clear whether these policies could work in the context of rainforest 
conversion to oil palm plantation in Indonesia. To close the research gap, we analysed different 
policies to mitigate the trade-offs between the economic and social dimensions and the 
environmental dimension at smallholder level5, i.e., preserved the rainforest while maintaining 
the economic benefits of palm oil production. As deforestation was one of the biggest obstacles 
for participation in SPO schemes, such policies could also stimulate farmers’ involvement with 
SPO agencies. We analysed three different policy measures while controlling for household and 
farm-specific characteristics: (1) the provision of a price premium; (2) strengthening the social 
desirability of rainforest preservation by providing environmental information; (3) increasing 
group appreciation of rainforest preservation by contributor recognition.  
We used a social dilemma framed field experiment, as was appropriate to evaluate policies ex-
ante (e.g., Hermann et al., 2017, Moser and Mußhoff, 2016), with 636 farmers in Jambi Province, 
Sumatra, Indonesia. The experiment assessed deforestation decisions of farmers and evaluated 
three different policies: price premium for certified palm oil, provision of environmental 
information and contributor recognition by a group. Jambi Province was chosen as it was one 
 
5 As the economic and social dimensions are closely related at the smallholder level, our research focuses on the 
trade-offs between economic and environment dimension. 
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example where a large area of rainforest has been transformed (Drescher et al., 2016). Conducting 
a framed field experiment with the social group of interest, i.e., with farmers instead of 
convenience groups such as students, increases the external validity of the experiment (Harrison 
and List, 2004). 
To our knowledge, this is the first paper connecting rainforest preservation policies to SPO 
certification using an experimental approach. The findings are intended to assist policy makers 
and certification agencies to increase the participation of farmers in the certification program 
and hence, increase the production of sustainable palm oil. The paper is structured as follows: 
Section 2 presents a conceptual framework and the hypotheses which are derived from existing 
literature. Section 3 introduces the experimental design. The estimation method as well as the 
results and discussions are presented in section 4. Finally, section 5 provides the conclusions of 
the study. 
2. Conceptual framework and derivation of hypotheses  
2.1. Conceptual framework  
The RSPO (RSPO, 2013) is the largest certification agency, even though there are several other 
SPO certification schemes (Ruysschaert and Salles, 2014). The RSPO defines economic 
sustainability in terms of long-term profit, long-term economic and financial viability, including 
the use of appropriate best practice by growers and millers. This best practice principles 
embrace criteria for maintaining soil fertility to maintain long-term yields. Social sustainability 
is defined in terms of improving livelihoods of farmers. For instance, the farmers must comply 
with the health and safety regulations for the application of chemicals for pest and weed control 
(RSPO, 2014). The broadly defined corresponding principle is the responsible consideration of 
employees as well as individuals and communities affected by growers and millers. 
Environmental sustainability is defined as the conservation of natural resources and 
biodiversity, including the responsible development of new plantings, which is clearly 
contradicted by rainforest conversion into oil palm plantations. 
2.2. Derivation of hypotheses 
The cost of establishing and maintaining certified oil palm plantations is higher than the 
traditional way of cultivation involving slash and burn practices. Thus, it is more profitable for 
farmers, not to certify unless a sufficient price premium is paid. However, if the expected 
increased price for certified palm oil is higher than the certification cost, participation would be 
Chapter 2. Farmers’ adoption of palm oil certifications 
17 
 
profitable (Engel and Palmer, 2008; Wunder et al., 2008). In other words, low price premia or 
premium fees for the participation in certification schemes inhibit farmers from participating 
(Ruysschaert and Salles, 2014). Hence, if the price premium is high enough to compensate for 
the additional costs of certification, more farmers will take part.  
H1. A considerable price premium for certified palm oil decreases deforestation activities of 
farmers. 
Besides the provision of a price premium, the provision of environmental information may 
encourage individuals to adopt more pro-environmental behaviour (Maibach, 1993; Steg and 
Vlek, 2009). However, the provision of environmental information could alter the individuals’ 
behaviour only if the knowledge of the problem and the awareness of the individuals are linked 
(Abrahamse et al., 2005; Bamberg and Möser, 2006). Thus, a good understanding of 
environmental issues and a strong commitment to preserve the environment alters behaviour 
(Hines et al., 1986-1987). While this policy measure is relatively common in more developed 
countries where environmental awareness tends to be higher (e.g., Owens, 2000; Pikett-Baker 
and Ozaki, 2008), environmental information may also be successful in developing countries 
depending on factors such as values, local beliefs, personal opinions and the implementation of 
the content (Arbuthnot, 1977; Corraliza and Berenguer, 2000; Pichert and Katsikopoulos, 2008; 
Price et al., 2014). If environmental information fits local situations and was easy to understand, 
it tends to have a positive effect on behaviour towards the environment. 
H2. Environmental information which fits the local environmental circumstances increases 
rainforest preservation of farmers. 
Engaging in pro-environmental activities is often motivated by normative reasons such as 
social approval. Using group or peer dynamics, which stimulated social acceptance can be a 
useful tool to encourage pro-environmental behaviour (Andreoni and Petrie, 2004; Lacetera and 
Macis, 2010). Andreoni and Petrie (2004) investigated the influence of a group on public goods 
contribution and found that revealing each member’s contribution increased the total 
contribution. The results showed the magnitude of the effect was moderate, but Samek and 
Sheremeta (2014) also confirmed the finding. Therefore, the revelation of contributors to 
rainforest preservation is expected to have a positive effect on every member in the group. 
H3. Contributor recognition increases rainforest conservation of farmers. 
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3. Experimental design 
To test the hypotheses, a framed field experiment with farmers was carried out in Jambi Province, 
Indonesia. The experiment consisted of two parts. The first part took place in the farmers’ 
residences, where farmers were interviewed to obtain household and farm-specific information. 
Within the survey, an incentivized Holt and Laury (HL) task was carried out to elicit risk 
attitudes of the farmers (Holt and Laury, 2002)6. In the second part, an incentivized social 
dilemma experiment with a group of farmers was conducted to investigate the effect of policies 
on rainforest conservation. The social dilemma experiment took place in the village hall or in 
the house of the village head. On average, the experiment lasted between one to two hours.  
3.1. Social dilemma experiment design 
Framing the experiment as a rainforest transformation problem made it possible to analyse the 
major obstacles to farmers’ certification, i.e., rainforest clearing which is restricted on the 
principles and requirements for certifications7 (Euler et al., 2016; Krishna et al., 2017). Our 
social dilemma experiment was designed to model important aspects of the real conditions of 
rainforest conversion for oil palm plantations. Rainforests were open access resources and 
transforming them into plantations generates individual benefits. A negative effect of rainforest 
 
6 In the HL-task, there are ten rows of paired lotteries. Each row consists of two options: A and B. Each option has 
a high and a low lottery payoff. The high and low payoffs in option A are 4,000 Indonesian Rupiah (IDR) and 
3,200 IDR. The payoffs for option B are 7,600 IDR and 200 IDR. In option A, the difference between the two 
gains was less compared to the difference in option B. Thus, option A was called the ‘safe option’ and option B 
the ‘risky option’. In each row the chance of get the high payoff increases by ten percent, and it starts with a ten 
percent chance of winning the high payoff in row one. The payoff matrix of the HL-task was presented in the on-
line appendix. For practical reasons, we adopted Ihli et al. (2016) to explain the task since they visualized the HL-
task. Images of balls with four different colors inside two closed bags depicted the possible payoffs of the two 
options: red and yellow representing the high and low payoffs in the safe-option while green and blue the same for 
the risky-option. Therefore, the proportions of colored balls change according to the probabilities (see on-line 
Appendix for an example of the questionnaire sheet; see Holt and Laury (2002) for complete instructions of the 
HL-task). The real monetary incentive was provided for this task. There are two steps to determine the monetary 
incentives: (1) the farmers took one out of ten numbered-coins from a closed bag which indicated the ten rows of 
the HL-task. The number in the coin indicates one of the rows where he/she could take one ball. Afterward, we 
give him/her, either bag A or bag B in that row, depending on their choice as written down in the questionnaire 
sheet. (2) the farmers draw one ball from the bag. The amount of the voucher was determined according to the 
color of the ball (see on-line Appendix). Grocery voucher with the payoffs amount were then handed out. 
7 The seven principles of ISPO include: legal plantation business permits; plantation management; protection of 
primary forest and peatland; environmental management and monitoring; responsibility to workers; social 
responsibility and community economic empowerment; continuous business improvement. The eight principles 
of RSPO include: commitment on transparency; compliance with applicable existing laws and regulations; 
commitment to long term economic and financial viability; use of appropriate best practice by plantation and mills; 
environment responsibility and conservation of natural resources and biodiversity; responsible consideration of 
employees and of individuals and communities affected by growers and mills; responsible development of new 
plantings; commitment to continuous improvement in key areas of activity (Ministry of Agriculture, 2015). 
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exploitation in terms of environmental damages was imposed on everybody in society and thus, 
made society worse-off (Tietenberg and Lewis, 2012).  
We followed the negative framing design by Andreoni (1995), where the participants of the 
experiment were grouped. Within one group, each participant could make either a private 
purchase or a group investment. Any decision determined the payoffs of all participants within 
the group. If one participant made the private purchase, it increased their own payoff, but reduced 
the payoffs of all other participants in the group. If the participant made a group investment, 
he/she did not affect another participant’s payoff within the group but potentially received less 
for their own payoff. This setting was repeated several times. The design allowed the 
participants to preserve the initial payoff and the amount was the same in each round. Groups 
of four were formed to begin the experiment. The farmers were randomly assigned to groups. 
The groups’ composition remained unknown to the farmers. In the experimental setting, each 
smallholder had 10 hectares of oil palm plantations which were located next to a rainforest8. Each 
smallholder could either expand their plantation into the rainforest by up to 10 hectares (option 
A, private purchase) or preserve the rainforest (option B, group investment). Depending on the 
deforestation decision, the payoff of each smallholder (𝜋𝑖) was determined by:  




+ (10 − 𝑒𝑖)
1
2
𝑝                                                                                        (1)  
The payoff function consisted of different terms as follows: 
(1) Payoff from initial plantations 
Each hectare of the initial plantation generated 15,000 kilograms of fresh fruit bunches 
(FFBs). The price of FFBs per kilogram was 1,000 IDR (0.08 US$). We set the baseline 
price based on the FFBs price in farm gate on the year 2015 as mentioned in Euler et al., 
(2015). This was the last information about price of FFBs per kilogram before starting the 
data collection. The initial plantation generates 150 million IDR as “initial income” (I).  
(2) Payoff from expansion 
If smallholder 𝑖 decided to expand their plantation, each additional hectare (e) generated 
profit p (5 million IDR). This expansion generated less income per hectare than the initial 
plantation as newly established oil palm plantations generate lower yields. 
 
8 Many farmers started their oil palm plantation by 3.50 hectares (Euler 2016). Nevertheless, the average size of 
oil palm plantations owned by farmers was highly varied, 0.25–25 hectares of plantation per household (Lee et al., 
2014), and the local government defines farmers as those who manage less than 25 hectares of plantations. 
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(3) Payoff-reduction from expansion of others  
For every hectare of transformed rainforest, the smallholder reduced the payoff of every other 
member in the group by ½p. Likewise, his/her payoff was reduced by ½p for every hectare 
of forest transformed by other members in the group. 
(4) Return from maintained forest  
The smallholder received “return from forest kept” for every hectare of maintained rainforest. 
As the rainforest transformation may not exceed 10 hectares, the additional profit was given 
by (10 – e) ½p, i.e., preservation of the forest ‘saves’ the payoff reduction incurred because 
of rainforest transformation. 
The experiment was repeated six times. After the completion of one repetition, all values 
were set back to the initial values. Decisions were made simultaneously by all group members. 
The payoff of each repetition was noted down in a sheet and given back to the participant. Before 
the experiment began, we explained that real monetary incentives were provided. The incentives 
were given to encourage sensible and realistic decision making during the experiment9 (Hertwig 
and Ortman, 2001). 
3.2. The implementation of policies  
To analyse the effects of policies on deforestation, villages were randomly assigned to three 
different policy treatments and control villages, where none of our policy measures were 
implemented. The three policies were independent and thus, it was not possible to compare the 
magnitude of policies’ effect among them directly. After three repetitions of the experiment, 
the following policies were introduced: 
(1) Control 
The experiment as described in sub-section 3.1 was repeated over all six rounds. 
(2) Policy 1 – price premium 
We added a 50% price premium to the baseline price if farmers chose not to expand their 
plantations. The resulting 1,500 IDR (0.11 US$) per kilogram FFB were considered as a 
“good price”, i.e., a price which makes the plantation economically profitable, by local 
farmers in Jambi Province (Feintrenie et al., 2010).  
(3) Policy 2 – environmental information 
 
9 The real monetary incentives for the social dilemma experiment are given to one of all the farmers in each village. 
The smallholder who receives the real monetary experiment was selected randomly. This selected smallholder 
could draw one out of six coins which represent the six rounds of the social dilemma experiment. The smallholder 
receives the incentive based on their payoff on the selected round, i.e., if the payoff in the round was 175 million 
IDR, then the incentives was 175,000 IDR. 
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To design the policy of environmental information, we provided two coloured land-use 
maps of Jambi Province referring to the years 1990 and 2010 (see Appendix). On both 
maps, circles of areas with major land-use change from rainforest to oil palm plantations 
were drawn. However, no further information about negative effects of deforestation was 
given to avoid potential conflict during the experiment, as the local farmers consider 
rainforest for oil palm improve their financial conditions as genuine and socially acceptable 
(Rist et al., 2010).  
(4) Policy 3 – contributor recognition 
Group composition remained unknown to the farmers for the six rounds of experiment as 
in control, Policy 1 and Policy 2. To investigate the effect of each group in the Policy 3, 
we revealed the members of the group in round 4-6. However, the amount of deforested 
area and payoffs of each member remained confidential.  
3.3. Study region, sample selection and descriptive statistics 
The data collection was conducted in Jambi Province, Sumatra, Indonesia. Jambi is a 
government’s target area to increase rubber production since the 1900s (Fearnside, 1997). 
Rubber is the main non-food crop that cultivated over generations in Jambi Province (Gouyon 
et al., 1993; Miyamoto, 2006). Like other provinces in Sumatra, Jambi is also a destination for 
the transmigration programmes by the government. Together with the transmigration 
programmes, oil palm has been cultivated there. Within the last three decades, oil palm 
plantations have been quadrupled while rubber plantations have increased by 25%, substantially 
decreasing the area of rainforest. In 2013, 55% of the rainforest area are converted into 
agricultural land (Drescher et al., 2016; Gatto et al., 2015).  
For the study, two sites of lowland rainforest have been identified (Drescher et al., 2016): 
Bukit Duabelas National Park and Harapan Rainforest. From those two sites, data was collected 
between October 2016 and January 2017 from five regencies10, namely: Batanghari, Bungo, 
Muara Jambi, Sarolangun, and Tebo. Among those regencies, 40 villages were randomly 
selected. The number of farmers per village varied between 8 and 24 farmers, depending on the 
total number of farmers in each village. Farmers were also randomly selected a list of farmers 
obtained from the village heads or the leader of farmers group. Farmers were randomly selected 
per village by assigning a random number to each name on the list. Afterwards, random 
numbers were sorted from largest to smallest and we selected farmers who were mentioned first 
 
10 Regencies are administrative subdivisions which are one level below the provinces. 
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at the top of the list. In total, 636 farmers who managed oil palm, rubber, or both were selected. 
Rubber farmers were included because, rubber producers may possibly switch to cultivate oil 
palm in the future (Gatto et al., 2015).  
The descriptive statistics of household and farm-specific variables is shown in Table II-1. 
Most of the farmers were full time and middle-aged farmers. The majority were male farmers 
with an average of eight years of formal education. The average duration of rubber farming was 
much longer than oil palm farming. Only 8% of farmers were aware about SPO-certification 
programmes, which supports research observations from Brandi et al. (2015), Lee et al. (2011) 
and Silva-Castaneda (2012), i.e., farmers have limited knowledge of certification programmes. 
The variable “risk-attitude” showed information about the number of safe choices in the HL-
task. The average number of safe choices was 4.85 and indicates that the farmers were on 
average slightly risk-averse (Holt and Laury, 2002). 
 Table II-1. Descriptive statistics of farmers 
Variables (units) Variables’ explanations 
Mean (Std. dev.) / 
share in % 
Age (years) Age of farmer 46.58(10.47) 
Car (1/0) = 1 if owns at least one car 12.11% 
Certification knowledge (1/0) = 1 if knows about SPO certification 8.49% 
Dependents Number of non-productive household members 2.26(1.41) 
Education (years) Formal education 8.28(3.61) 
Experience in oil palm (years) Age of oil palm plantations (only for farmers who 
cultivate oil palm) 
4.69(6.89) 
Experience in rubber (years) Age of rubber plantations (only for farmers who 
cultivate rubber) 
15.49(10.76) 
Full-time farmer (1/0) = 1 if ≥ 50% income from farming 86.48% 
Loan  = 1 if has loan within a year  52.98% 
Motorbike = 1 if owns at least one motorbike 98.43% 
Oil palm farmers (1/0) = 1 if cultivates only oil palms  13.52% 
Risk attitudeb  Number of safe choices in HL – task 4.85(2.38) 
Rubber and then palm oil (1/0) = 1 if cultivates rubber and then, oil palm  27.36% 
Saving  = 1 if has saving within a year  33.96% 
Truck  = 1 if owns at least one truck 2.36% 
Notes:
 
N = 636 farmers; asafe-options in the HL–task: 1-3 risk-taker, 4 risk-neutral, 5-10 risk-averse 
4. Approach to data analysis and results 
4.1. Estimation method 
Figure II-1 depicts the average hectares of oil palm expansion in rounds 1 to 6 for the control 
and the three policy groups. The dashed-vertical line in Figure II-1 indicates the implementation 
of the policies. It is expected that the expansion in the first three rounds would not be 
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statistically significantly different among all groups. The p-value of the Kruskal-Wallis test was 
0.46; hence, the Null hypothesis of the test was not rejected, indicating that all groups were 
identical11.  
 
Figure II-1. Oil palm expansion over experiment rounds 
Notes: N = 636 (68 control, 148 price premiums, 164 environmental information, 156 contributor recognition); 
The dashed vertical line indicates the policies’ implementation 
Figure II-2 presents the frequency of the amount of expansions within the six rounds of the 
task accumulative from the 636 farmers, thus it showed 3,816 decisions. The horizontal axis is 
the amount of expansions (ha) and the vertical axis is the frequency of the amount of expansion. 
We denote the dependent variable (𝑌𝑖𝑡) indicating the expansion of oil palm plantation by 
cutting down the forest. This variable is discrete and non-negative and has values from 0 (no 
deforestation) to 10. Panel data estimation techniques are used to account for the data structure 
of t-times repeated rounds for all i farmers. Given a discrete and non-negative dependent 
variable, the use of count data models is appropriate to investigate the effect of policies on 
deforestation in equation (2). From the distribution of oil palm expansion decisions, we estimate 
the value of standard deviation is equal to 2.98. The value of the standard deviation exceeds the 
mean (0.13). Thus, an assumption can be made that the data set is negative binomial distributed 
(Cameron and Trivedi, 2010; Winkelmann, 2008).  
 
11 We also conducted the Kruskal-Wallis test on the repetitions four to six, which are the periods when the policies 
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Figure II-2. Distribution of oil palm expansion in the social dilemma experiment  
Notes: N = 3,816 from 636 farmers, 6 rounds of task 
To account for time-invariant explanatory variables, we estimate a random effects negative 
binomial model (Cameron and Trivedi, 2013, Hausman, 1984, Winkelmann, 2008). To account 
for the over-dispersion, 𝑦𝑖𝑡|𝜆𝑖𝑡~𝑃𝑜𝑖𝑠𝑠𝑜𝑛(𝜆𝑖𝑡) is assumed, where 𝜆𝑖𝑡|𝛿𝑖~Γ(𝛾𝑖𝑡, 𝛿𝑖). Here Γ(⋅,⋅) 
indicates a gamma distribution with 𝛾𝑖𝑡 = exp(𝒙𝑖𝑡𝜷) and the over-dispersion parameter 𝛿𝑖. 𝒙𝑖𝑡 
is a set of explanatory variables. All socio-economic variables as mentioned in Table II-1 and 
the categorical variable for the policy treatments are included. 𝜷 are their coefficients. Using 
these assumptions yields the model (Hausman et al., 1984; Winkelmann, 2008): 













                                              (2) 
In order to vary 𝛿𝑖 across groups, the assumption  
𝛿𝑖
1+𝛿𝑖
~Β(r, s) is needed where B(⋅,⋅) indicate 
a beta distribution with 𝑟 and 𝑠 as two shape parameters. Integrating over 𝛿𝑖 yields the joint 
probability for the ith individual (Hausman et al., 1984; Winkelmann, 2008): 
Pr(𝑦𝑖1, 𝑦𝑖2, … , 𝑦𝑖𝑇|𝐗𝑖) =
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4.2. Results and discussions 
To estimate the negative binomial random effects panel model, STATA 14 was used, and the 
results of the estimations are presented in Table II-2. Column (1) shows the regression results 
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characteristics. Column (3) shows the regression results of a linear random effects model with 
clustered standard errors at the individual level.  
Table II-2. Regression results 
Variables (units) 
Coefficients (Std. err.)a 
NBREM without 
control variables  
NBREM with control 
variables 
Linear random 
effects model  
 (1) (2) (3) 
Policies (Reference group: control treatment) 
Price premium -0.73 (0.21) *** -0.83 (0.21) *** -0.73 (0.33) ** 
Environmental information -0.67 (0.21) *** -0.78 (0.22) *** -1.13 (0.28) *** 
Contributor recognition 0.09 (0.21) 0.03 (0.21) -0.45 (0.31) 
Socioeconomic and demographic variables 
Age (years) - 0.00 (0.01) 0.01 (0.01) 
Car (1/0) - 0.37 (0.25) 0.37 (0.35) 
Dependents  - 0.07 0.06) 0.11 (0.07) 
Duration of oil palm farming (years) - 0.02 (0.02) 0.00 (0.02) 
Duration of rubber farming (years) - 0.01 (0.01) -0.01 (0.01) 
Education (years) - -0.02 (0.03) 0.02 (0.03) 
Full time farmers (1/0) - -0.03 (0.25) 0.07 (0.30) 
Knowledge about certification (1/0) - -0.4 (0.30) -0.07 (0.40) 
Loan (1/0) - -0.17 (0.16) -0.02 (0.18) 
Male (1/0) - -0.85 (0.42) ** -1.26 (0.68) * 
Motorbike (1/0) - -1.08 (0.66) 0.55 (0.50) 
Oil palm farmers (1/0) - -0.17 (0.36) -0.47 (0.42) 
Risk attitudea - -0.11 (0.03) *** -0.09 (0.04) ** 
Rubber and palm oil (1/0) - -0.06 (0.32) 0.30 (034) 
Saving (1/0) - -0.30 (0.17) * -0.20 (0.22) 
Truck (1/0) - 0.23 (0.51) 0.79 (0.76) 
Constant 0.49 (0.17) *** 2.85 (0.93) *** 2.63 (0.98) *** 
Notes: N = 1,908; 636 farmers, treatment rounds with three observations each; aSignificance levels: *** at 1%, 
** at 5%, * at 10%); bSafe-options in the HL–task: 1-3 risk-taker; 4 risk-neutral; 5-6 risk-averse 
The columns (2) and (3) serve as robustness checks. With respect to our hypotheses all three 
models provide similar findings: price premium and environmental information sre statistically 
significantly different from zero with a negative sign12, while contributor recognition is not 
statistically significant in any of the three regressions. In comparison to the control group, the 
coefficient for Policy 1 (price premium on certified palm oil) is statistically significantly 
different from zero at least at the 5% level and has a negative sign in all three models. In our 
design of the experiment, farmers only obtained the price premium on their yield from the initial 
 
12 Taking the learning effects into account, we also tested for repetition fixed effects. We found that repetition 
fixed effects are not statistically significant. The inclusion of repetition fixed effects in the regression does not 
change the outcome of our regression results. 
Chapter 2. Farmers’ adoption of palm oil certifications 
26 
 
plantations if they chose not to deforest. Our results hence showe that if a 50% price premium 
is given, farmers reduce their deforestation activities compared to deforestation in control 
group. Up to now, the certification agencies do not clearly state mark-ups for certified palm oil. 
A study mentions that mills in Indonesia would pay a mark-up price of 5% per kg of FFB 
(Hidayat, 2015). Other study mentions that price premiums range between 8% and 15% (Von-
Geibler, 2013). The price premiums do not often cover for all expenses made by farmers to get 
the certificate and this is one of the reasons why participation in SPO certification schemes were 
low (Lee et al., 2014). Therefore, we chose a price premium of 50%. This allowed us to study 
the behaviour of farmers’ participation in a SPO scheme under a price premium which was 
considered as a “good price” (Feintrenie et al., 2010). Our results support the argument that if 
certified palm oil provides higher profit than the expected additional income from newly 
developed plantation on rainforest area, then producers would not develop new oil palm 
plantation in rainforest areas (Bateman et al., 2010; Corley and Tinker, 2016; Hidayat et al., 
2015; Schouten and Glasbergen, 2011). Therefore, we support Hypothesis 1 that a price premium 
on certified palm oil has a positive effect on rainforest conservation and therefore on participation 
rates of farmers.  
When discussing price premiums, one also must take the demand side into account. There 
are doubts that the market would purchase SPO due to its higher price (Laurance et al., 2010). 
Nevertheless, since the inaugural conference of RSPO in 2003 (Schouten and Glasbergen, 
2011), the demand of certified palm oil has increased by more than 50% (Von-Geibler, 2013). 
The European Union plan to use only certified palm oil for biodiesel production and many large 
companies are committed to only purchasing certified palm oil (Ruysschaert and Salles, 2014). 
The increasing market demand enable small-scale producers to participate in SPO schemes 
(Carlson et al., 2018; Vijay et al., 2016). 
Considering the effect of Policy 2 (environmental information), the coefficient is statistically 
significantly different from zero at the 1% level with a negative sign in all three regression 
models, indicating that Policy 2 mitigates and/or eliminates deforestation compared to 
deforestation in control group. The success of environmental information to promote pro-
environmental behaviour has been discussed in the literature before (Kollmuss and Agyeman, 
2002; Steg and Vlek, 2009). For instance, McMakin et al., (2002) utilized campaigns and focus 
group discussion to deliver information about energy conservation without financial incentives. 
A study by McMakin et al. (2002) found a reduction of 10% energy consumption by households 
in Washington, USA. Our study finds that environmental information could be effective to 
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reduce farmers’ decisions to deforest. Policies that addressed the main obstacle of certification, 
i.e., rainforest deforestation, may increase farmers’ participation in the certification 
programmes. Hypothesis 2 is supported.  
The regression results indicated that the coefficient for Policy 3 (contributor recognition) is 
not statistically significantly different from zero. This finding is opposite to previous results of 
Andreoni and Petrie (2004) and Samek and Sheremeta (2014). These two studies find that the 
contributor recognition increase the likelihood to invest in a public good. Both have been 
conducted in the USA involving undergraduate students. Different backgrounds and contexts 
may be the reasons for different results on the implementation of the policy to the Indonesian 
farmers. For the farmers in Indonesia, oil palm cultivations are attempts to improve their 
households’ income and hence, rainforest clearance for oil palm plantation is socially accepted 
(Krishna et al., 2017; Resosudarmo et al., 2014; Rist et al., 2010). Under these circumstances, 
there is no social approval for rainforest conservation and contributor recognition does not 
reinforce normative reasons to behave pro-environmentally. Therefore, Hypothesis 3 cannot be 
supported, suggesting that recognition of contributors might not be effective in raising 
participation rates of certification programmes in this context. 
Furthermore, to ensure the robustness of the results, household and farm-specific 
characteristics were included in the regression model. The results are presented in column (2) 
and (3) of the Table II-2. First, we find that gender mattered in the decisions of rainforest 
conservation. The dummy variable “male” is statistically significantly different from zero and 
negative, indicating that male farmers are less likely to deforest than female farmers, on 
average. At first sight, this result is counterintuitive as most literature showed that women tend 
to have a higher environmental concern (Arcury and Christianson, 1990; Stern et al., 1995; 
Zelezny et al., 2000). However, Villamor et al. (2014) find that women in Jambi Province are 
more concerned to make individual profit, and more readily decide to convert rainforest into 
monoculture farming such as rubber and oil palm than men. Our experiment also indicates that 
women farmers more frequently willing to expand their create oil palm plantation than men. 
We also find that risk attitudes influenced the decision of preserving the environment 
(Claassen et al., 2008). In our regression, risk attitudes are statistically significantly different 
from zero with a negative sign - more risk-averse farmers deforest less, reflecting the risks 
associated with new oil palm plantations. According to Djanibekov and Villamor (2017), 
Sumatran farmers are concerned about the uncertainty of future land-use returns, opting not to 
deforest and stick to the safe returns from the initial plantation. The results in column (2) and 
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(3) of Table II-2 provide similar results. The signs of all statistically significant coefficients do 
not change. This underlines the robustness of the results in column (2). Although the coefficient 
for savings is statistically significant in column (2), indicating that a lower saving leads to lower 
deforestation, this significance drops out of the 10% significance level in column (3). Any 
conclusion on this variable cannot be drawn because of the missing statistical significance. 
5. Conclusions 
The sustainable palm oil (SPO) certification programme has been established to mitigate trade-
offs between the economic, social, and environmental dimensions of sustainability of palm oil 
production. It is designed to reduce environmental damages due to rainforest deforestation for 
palm oil production. However, these programmes have further room for improvement 
especially in terms of increasing farmers’ participation since they apply to only 40% of palm 
oil production in Indonesia. We analysed three different policies which could mitigate trade-
offs between economic and the social dimensions of sustainability and environmental 
sustainability at the smallholder level in Indonesia. Our policies are: (1) a price premium for 
SPO; (2) the provision of environmental information; (3) contributor’s recognition on their 
potential to engage in pro-environmental behaviour.  
Firstly, our results show that a price premium of 50% successfully reduce the trade-offs 
between the economic and environmental dimensions, i.e., economic viability and rainforest 
conservation. In Indonesia, the price of oil palm fruits is determined weekly, based on a meeting 
with Dinas Perkebunan (Plantation Agency) under the Ministry of Agriculture. Yet the price of 
certified palm oil is not regulated. This provided room for companies to determine freely the price 
of certified palm oil. The price often did not cover additional costs for certification (Hidayat et 
al., 2015). The government of Indonesia and the certification agencies, therefore, should consider 
evaluating the current price premiums for certified palm oil. Empirical evidence from our research 
showed that provision of a sufficient price premium encourages more farmers to subscribe to an 
SPO scheme.  
Secondly, our results suggest that providing information on environmental conditions to 
farmers has a positive effect on their decisions about rainforest conservation, assisting the 
mitigation between the economic and environmental sustainability dimensions. In this case, 
depiction of the land-use change by maps of Jambi Province appears to be well understood by 
our participating farmers. Although rainforest loss was still high and seems to be socially 
acceptable (Brandi et al., 2015; Lee et al., 2011; Silva-Castaneda, 2012), our results suggest that 
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the provision of environmental information encourages farmers’ awareness and care about 
rainforest conservation. Future work can explore this complex issue and address the issue by 
analysing a policy which aims to make the community more aware about the importance of 
rainforests. However, SPO agencies should take the provision of environmental information 
into account when campaigning for their cause. 
Thirdly, the effect of contributor recognition, i.e., revealing the members of the group, has 
no significant effect in reducing the rainforest deforestation in Jambi. In our case, the social 
acceptability of environmental damage did not seem to be easily solved by recognition of 
contributors.  
Our study shows the implementation of certain policies discourage rainforest transformation 
for oil palm plantations. Nevertheless, the successful implementation of SPO certifications is 
only assured when all actors in the value chain participate. Using the social dilemma experiment 
to examine several policies can be a meaningful entry-point for further research involving other 
actors along the value chain to SPO schemes. Focusing on farmers provides a first entry point 
for mitigating trade-offs between the economic, social, and environmental dimensions of 
sustainability. However, governance of the value chain is more complex. There are several other 
points of entry for governance, which exceed the scope of this paper. For example, export 
regulation of palm oil can be imposed at a national level such that only SPO is allowed for 
export. Moreover, consumers have a large bargaining power over producers (Demont and 
Rutsaert, 2017). Raising their awareness on the benefits of SPO will probably have major 
impacts. World demand for SPO has increased substantially over the past years (Von-Geibler, 
2013) and many large companies were committed to only purchasing certified palm oil 
(Ruysschaert and Salles, 2014). For this reason, another entry point for future work can be how 
the governance power of the consumers could be transmitted through substantial increases in 
the price premium paid to primary producers.  
As farmers also benefitted from the increasing demand for palm oil, the social sustainability 
dimension is partly represented by the economic dimension. Nevertheless, the social dimension 
embraces more than just improvements in income for farmers. Future studies can investigate 
how landownership disputes could be settled without generating a trade-off between the social 
and economic dimension of sustainably. While our results are specific to Indonesia and to local 
beliefs and needs, we suspect that they may also apply elsewhere, though this needs 
confirmation by further research.  
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The Appendix consists of two parts. Part I presents explanations of the HL-task and its 
translation. Part II provides translations of the instructions for the social dilemma experiment. 
Part 1. Holt and Laury task 
Payoff matrix  
Table II-A1. Payoff matrix of the HL-task 
Row Option A Option B 
1 10% of 4,000IDR, 90% of 3,200IDR 10% of 7,600IDR, 90% of 200IDR 
2 20% of 4,000IDR, 80% of 3,200IDR 20% of 7,600IDR, 80% of 200IDR 
3 30% of 4,000IDR, 70% of 3,200IDR 30% of 7,600IDR, 70% of 200IDR 
4 40% of 4,000IDR, 60% of 3,200IDR 40% of 7,600IDR, 60% of 200IDR 
5 50% of 4,000IDR, 50% of 3,200IDR 50% of 7,600IDR, 50% of 200IDR 
6 60% of 4,000IDR, 40% of 3,200IDR 60% of 7,600IDR, 40% of 200IDR 
7 70% of 4,000IDR, 30% of 3,200IDR 70% of 7,600IDR, 30% of 200IDR 
8 80% of 4,000IDR, 20% of 3,200IDR 80% of 7,600IDR, 20% of 200IDR 
9 90% of 4,000IDR,10% of 3,200IDR 90% of 7,600IDR, 10% of 200IDR 
10 100% of 4,000IDR, 0% of 3,200IDR 100% of 7,600IDR, 0% of 200IDR 
Translation of the questionnaire sheet for the Hl-task   
“In the HL-task, there are ten paired series with different gains as pictured by the coloured-
balls. In every row, there are two bags: A and B. There are ten coloured balls inside of each 
bag. There are red and yellow balls in Bag A, green and blue balls in Bag B. The colour indicates 
monetary value: red is 4,000 IDR; yellow is 3,200 IDR; green is 7,600 IDR and blue is 200 
IDR. Thus, in the row one, Bag A contains one red ball and nine yellow balls, while Bag B 
contains one green ball and nine blue balls, and so on until row ten, according to Table II-A2. 
In every row you can take one ball, and thus, you must choose to take the ball from bag A or 
B. Please write down your answer on the questionnaire sheet. At the end of this task, we provide 
a real monetary incentive, such as a shopping voucher. To determine the monetary incentives, 
there are two steps. Regarding that, we provided one additional bag containing ten coins 
numbered 1 to10. These ten coins represent the ten rows of the HL-task. The two steps are: 
1. Please draw one coin. The number written in the coin indicates the number of the rows. 
Example: You draw the coin numbered two, and in the second row, you chose bag A. 
2. On that selected row, you will receive Bag A or Bag B, depending on your choice as written 
in the questionnaire sheet.  
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Example: In the second row, you chose bag A, which inside are two red balls and eight 
yellow balls. You should take one ball blindly from the bag. If you take the red ball, then 
your shopping voucher is 4,000 IDR. If you take yellow ball, then your shopping voucher is 
3,200 IDR.” 
Table II-A2. Holt and Laury task 








1 red ball, 9 yellow balls 
 
…… 



















2 green balls, 8 blue balls 
 
Notes: due to page limitation, we only present the row 1 and 2 here 
Part 2. The experiment of social dilemma 
General Instruction 
“Thank you for your participation in this task regarding oil palm plantations’ expansion. This 
task consists of six rounds of individual decision making, where each round represents one year. 
Your decisions are confidential, and thus, you cannot discuss it with other participants. First, we 
will make three rounds. Second, you can take a short break, and we will give you additional 
instructions and explanations. Third, you participate in round four, five, and six. The more detail 
instructions and explanation are as follows: 
1. You are a member of a group that consists of four people, including you. The composition 
of the members is the same until the sixth round. The members are confidential, and you 
must not discuss it with others. 
2. Imagine that you own ten hectares of productive oil palm plantations. These plantations are 
located near rainforests and yield 15 tons of fresh fruit bunches (FFBs) per hectare per year. 
The price of FFBs per kg is 1,000 IDR. Thus, you earn 150 million IDR per year. This 
income is your “initial income.” 
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3. Every year, you can expand your plantations by cutting the forest up to ten hectares. Every 
member of your group can make this expansion. The expansion is resulting on: 
3.1. Per hectare of expansion generates additional profit (p). The “p” is five million IDR.  
Example:  
You expand ten hectares and earn additional profit 10p, which equal to 50 million IDR. 
3.2. Per hectare of your expansion reduces other members’ income by ½p. Same also applied 
if they also make expansion 
Example:  
You expand ten hectares. This expansion reduces the income of each member in your 
group by 10 x ½p = 25 million IDR. 
3.3. You can expand up to ten hectares, but if you decide to expand less than ten hectares, you 
will receive “return from the forest kept” for every hectare of forest kept. The value of the 
return from the forest kept is ½p per hectare.  
Example:  
You expand six hectares and earn an additional profit of 6p = 30 million IDR, saving four 
hectares of forest. Thus, your “return from forest kept” is = 4 x ½p = 10 million IDR. The 
six hectares expansion reduces the income of each member in your group by 6 x ½p = 15 
million IDR. 
4. Calculation of annual income 
Annual income = initial income + additional profit from expansion + return from forest kept 
– loss from other members expansion 
5. Writing down your decision  
Write your decision on the questionnaire sheet. For expansion, circle option A and indicate the 
number of expansions. Circle option B for zero expansion. After each round, we will collect 











Option A = ... ha. Your income Year 1 = ……………….…IDR 
Option B = 0 ha. Your income Year 1 = …………………IDR 
 
Year 2 
Option A = ... ha. Your income Year 2 = …………………IDR 
Option B = 0 ha. Your income Year 2 = …………………IDR 
 
Figure II-A1. The page of the questionnaire for the social dilemma experiment 




Instruction for the policies implementation 
Four types of instructions are:  
1. Instructions for control villages: 
“Now we would like to invite you to round four, five, and six. The rules remain the same.”  
2. Instructions for Policy 1 villages (Price premium): 
“Initially, the price of FFBs per kg was 1,000 IDR. Before we proceed to the next round, we 
would like to inform that the price per kilogram FFBs is changed to 1,500 IDR for those who 
decide not to expand (choose option B). The other rules remain the same.” 
3. Instructions for Policy 2 villages (Environmental information): 
“Before you continue, we will distribute maps of Jambi Province and its land-use. We have 
two maps: from the year 1990 and 2010. Dark green is primary forest, light green is 
secondary forest, purple indicates oil palm plantations. The circles help you to indicate these 
three purposes of the land-use. Thank you for your attention to this information. Now we 









Figure II-A2. Jambi land use year 1990 Figure II-A3. Jambi land use year 2010 
Notes: Cartography = Dian Melati, Forest Inventory and Remote Sensing, University of Göttingen, Germany 
4. Instructions for Policy 3 villages (Contributor Recognition): 
“Thank you for your participation in the first three rounds of the experiment. In the first three 
rounds, the members of the groups are confidential. Now we would like to inform the 
members of the group. Although you know the members of your group, the experiment is 
still an individual task. You must not discuss with others. Now we would like to invite you 
to proceed to round four, five and six, where the rules remain same.” 
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In this task, the farmers receive a real monetary incentive, i.e., a shopping voucher. The real 
monetary incentives are determined in the following way:  
1. We randomly selected one farmer per village. 
2. We provided an additional bag with six numbered coins. These six coins represent the six 
rounds of the experiment. Afterward, the selected farmer randomly draws one coin. The coin 
indicated the selected round of the experiment. 
Example:  
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Risk attitudes and time preferences are important for farmers’ decision making (Falk et al., 
2018). Farmers’ risk attitudes influence adoption of high yield variety crops, drought-tolerant 
plants, new farming systems such as conservation agriculture, and decision to diversify crops 
(Feder, 1980; Hellerstein et al., 2013; Holden and Quiggin, 2017; Ngwira et al., 2013). Crop-
diversification is a practice of cultivating two or more crops simultaneously to reduce income 
risks by creating several income sources.  
However, the relationship between risk attitudes and crop-diversification is unclear. Studies 
by Chavas and Di Falco (2012) and Bezabih and Sarr (2012) involving Ethiopian farmers found 
that risk aversion increases the likelihood of crop-diversification. In contrast, a study by 
Hellerstein et al. (2013) involving the United States farmers found that more risk-averse farmers 
are less likely to diversify crops. The existing literature investigating farmers’ risk attitudes and 
crop-diversification is also incomplete. To date, the literature only focuses on seasonal and/or 
annual crops (e.g., Bezabih and Sarr, 2012; Chavas and Di Falco, 2012; Dercon, 1996; 
Hellerstein et al., 2013). Thus, the literature leaves a gap for investigating crop-diversification 
of perennial crops. Perennial crops have different types of risks, for example, perennial crops 
are more susceptible to diseases because crop rotation and fallow periods cannot be conducted 
(Cox et al., 2005).  
Furthermore, farmers’ time preferences are quite pertinent, given that cultivating perennial 
crop have long-term consequences. Firstly, there is a long waiting time between planting and 
harvesting. Hence, farmers should have a plan for these zero-income period. Second, once the 
farmers cultivate a perennial crop, their income will depend on this crop for many years. Third, 
future is uncertain. For example, compares to seasonal/annual crop, the perennial crops have 
the possibility of suffering from future climate change (Lobell et al., 2006). However, despite 
the vital role of time consideration, it is also unclear how farmers’ time preferences influence 
the crop-diversification of perennial crops.  
To the best of our knowledge, the closest studies were conducted by Bocqueho and Jacquet 
(2010) and Ouattara et al. (2019)13. These studies investigate the relationship between farmers’ 
risk attitudes and decision to diversify one annual and one perennial crop. They found that risk 
 
13 Bocqueho and Jacquet (2010) investigated farmers’ decision to diversify between one type of annual crops (rape, 
wheat, or barley) and one type of perennial crop (switchgrass or miscanthus). Ouattara et al. (2019) investigated 
farmers’ decision to diversify between one annual crop (corn) and one perennial crop (cashew nut). 
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aversion hinders the diversification. Nevertheless, this study did not investigate farmers’ time 
preferences. To fill this research gap, we measured risk attitudes and time preferences of 
farmers who cultivate one perennial crop and farmers who cultivated two perennial crops. The 
perennial crops are oil palm and rubber. Our study took place in Jambi Province, Sumatra, 
Indonesia.  
Therefore, this study contributes to the literature body in two ways. First, this study 
investigates the relationship between farmers’ risk attitudes and time preferences and crop-
diversification of two perennial crops. Second, our study depicts the situation of crop-
diversification in Asian context. So far, the studies took place in African countries (Bezabih 
and Sarr, 2012; Chavas and Di Falco, 2012; Dercon, 1996) or in high-income countries 
(Hellerstein et al., 2013). Involving Indonesian farmers provides a unique feature of sample, 
because they are somehow different to the western farmers, who mostly cultivate various 
seasonal/annual crops simultaneously.  
The structure of this is as followed. Section 2 presents the hypotheses. Section 3 presents the 
HL-task (Holt and Laury, 2002) and CW-task (Coller and Williams, 1999), the estimation 
method, and the sample selection. Section 4 presents descriptive statistics, results, and 
discussions. Section 5 presents the conclusions and policy recommendation. 
2. Derivation of hypotheses 
Our study took place in Jambi Province. There, oil palm and rubber are two most important 
perennial crops. Initially, Jambi Province focused on focused on rubber production until around 
the year 1990s. In that period, the government introduced oil palm cultivation through the 
transmigration program (Feintrenie and Levang, 2009). This study involves two groups of 
farmers: (1) rubber farmers; (2) farmers who cultivates rubber and oil palms, as so-called 
“double-crop farmers.” We will compare the risk attitudes and time preferences of the two 
groups but first we formulate two hypotheses, which based on a literature review and a 
secondary dataset. 
2.1. Risk attitudes of the farmers and crop choice  
The weather is an important risk factor in agriculture, for example, drought and extreme weather 
substantially diminish farmers’ incomes (Lien and Hardaker, 2001; Turvey and Kong, 2010). 
The weather influences rubber production in two ways. First, rubber yields depend on 
precipitation. Latex is taken daily (mostly morning). To harvest latex, the farmers remove the 
tree bark and let the latex flows inside of a collecting cup. In the afternoon or in the following 
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day, the farmers collected the latex in a bigger container. Rainwater can reduce the yield by 
overflowing the latex from the collecting cups (Feintrenie et al., 2010). Second, low humidity 
causes lower production (Miyamoto, 2006). While in contrast, oil palm trees are less affected 
by the weather, and the yields are relatively identical in whole year (Rist et al., 2010).  
Price fluctuations are other important risk factor in agriculture (Aimin, 2010). To observe 
the price fluctuation of both crops, we use a weekly price dataset for the years 2013 to 201514. 
The percentage change of price is illustrated in Figure III-1. Visually, we can see that the price 
of oil palm fruits is more fluctuated than rubber. In addition to Figure III-1, we calculated the 
price volatility (following the calculation from Gilbert and Morgan, 2010). The price volatility 










Figure III-1. Percentage changes of price for oil palm fruits and rubber at farm gate 
Notes: Those are weekly price; N = 165; the source for the price of oil palm fruits was from weekly meeting of 
the Ministry of Agriculture at the province level; the source for the price of rubber was from GAPKINDO – the 
Rubber Association of Indonesia 
From the two risk factors, we observe that rubber and oil palm trees face different types of 
risk. Rubber yield strongly depends on weather, while price of oil palm fruits is more volatile. 
To formulate the hypothesis, we refer to the portfolio concept by Markowitz (1952). This 
 
14 The price of oil palm fruits at the farm-gate was determined by a weekly meeting of the Ministry of Agriculture 
at the province level, private companies, and farmer groups (Hidayat et al., 2015). We obtained the price of oil 
palm fruits from the weekly meeting transcript. The price of oil palm fruits differs depending on the trees’ age , 
and thus, we used the average price of oil palm fruits from different ages of trees. The rubber price was assigned 
daily, depending on the world price (Feintrenie and Levang, 2009; Marimin et al., 2014). We obtained the daily 
price of rubber from GAPKINDO. To make the price of both crops comparable, we used the Thursday price of 
rubber because the price of oil palm fruits was determined every Thursday.  
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portfolio concept explain that every investment has expected return and variances, and hence, 
diversifying investments can be a solution to reduce investment variances. Indeed, the 
diversification could not eliminate all potential investments variances, but it helps to maximize 
the expected returns with minimum variances (Markowitz, 1952). In this regard, the correlation 
coefficients of the expected returns from both investments should be less than one (ideally 
negative). In agriculture, the portfolio concept is implemented by cultivating two or more crops, 
i.e., crop-diversification (Dercon, 1996; Heady, 1952; Pellegrini and Tasciotti, 2014).  
Based on the information of the price (cf. Figure III-1), farmers’ productivities15, and 
plantation areas, we could estimate the expected weekly returns of both crops. The correlation 
coefficient of the expected returns is 0.31, which is less than one. This indicates that crop-
diversifications can be taken to maximize the expected returns with minimum variances. 
Therefore, risk-averse farmers have an incentive to cultivate rubber and oil palms together. 
Accordingly, the first hypothesis is formulated as: 
H1. More risk-averse farmers cultivate oil palms besides rubber. 
2.2. Time preferences of the farmers and crop choice 
Compared to rubber, oil palm tree has a shorter waiting period between planting and first 
harvest. The first harvest of oil palm starts in the fourth year and the trees are productive up to 
25 years (Corley and Tinker, 2016). The first harvest of rubber is in the seventh years and the 
trees are productive up to 30 to 35 years (Woittiez et al., 2017). Thus, oil palm tree has a shorter 
waiting period for the first harvest, but rubber tree has longer productive years. Literature also 
mentions that the annual expected returns per land of rubber is higher, and thus, a full productive 
period of rubber tree provide higher returns than oil palm (Feintrenie et al. 2010). 
Individuals with high discount rates prefer to receive an early payoff even if it is smaller 
than a later payoff (Coller and Williams, 1999). Farmers are characterized as individuals with 
high discount rates (Lawrance, 1991). This implies that they potentially prefer to cultivate a 
crop that give earlier income than crop with higher expected returns but longer waiting period. 
Hence, rubber farmers with a higher discount rate may prefer to cultivate oil palms than expand 
their existing rubber plantations. Therefore, the second hypothesis could be formulated as: 
H2. Farmers with higher discount rates cultivate oil palms besides rubber. 
 
15 To obtain information about the productivities, we refer to the annual reports (2012-2015) from the Ministry of 
Agriculture.  




The study involved 636 Indonesian farmers including two groups of farmers: (1) farmers who 
cultivated only rubber, (2) farmers who cultivated rubber and oil palm trees. We estimated the 
risk attitudes and time preferences experimentally. The HL-task was used to observe the risk 
attitudes, and a CW-task was conducted to determine the time preferences by estimating 
individual discount rates. The HL-task and CW-task have been used in several studies involving 
rural people and farmers (Holden and Quiggin, 2017; Ihli et al., 2016; Tanaka et al., 2010). Both 
tasks were incentivised, i.e., payments were given for each task, to encourage sensible and 
realistic decisions making by the participants during the experiments (Hertwig and Ortman, 
2001). To estimate the farmers’ risk attitudes and discount rates, we applied the joint-
estimation-method by Andersen et al. (2008). In this joint-estimation, risk attitudes and discount 
rates were estimated simultaneously. To check the robustness of the results, we also included 
farmers’ socioeconomic and demographic information in the calculation. 
3.1. Research area and sample selection 
The research was conducted in Jambi Province. In Jambi, two most important perennial crops 
are oil palm and rubber. Initially, rubber was cultivated using the “rubber-agroforest” farming 
practice. In this farming practice, rubber trees are planted together with other cash and non-cash 
crops, imitating the rich diversity of plants in forest areas (Rembold et al., 2017). Other crops 
are mostly a quick-developing plant such as upland rice, vegetables, and fruits (Feintrenie and 
Levang, 2009). These plants provide a safety net of income before the farmers could obtain 
yields from rubber. By the end of the 20th century, gradually, rubber monocultures were 
established (Feintrenie et al., 2010). The oil palm cultivation came later together with the 
transmigration program around the year 1990s (Feintrenie et al., 2010; Gatto et al., 2015).  
Jambi is located on the east coast of central Sumatra, Indonesia. Jambi covers the area of 
about five million hectares that consists of highlands (conserved) and lowland rainforest 
(largely transformed to agricultural lands) (Clough et al., 2016). In 2013, around 50% of 
Jambi’s lands were agricultural land, and more than half of the population worked in the 
agricultural sector (Clough et al., 2016; Drescher et al., 2016). Our research took place in the 
lowland areas, including Batanghari, Bungo, Muaro Jambi, Sarolangun, and Tebo regency. 
These five regencies constituted the largest parts of lowland farming areas in Jambi Province 
where rubber and oil palm are cultivated (Krishna et al., 2017). Our study conducted in 45 
villages consisted of: eight villages per regency that were selected randomly and five additional 
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villages (selected purposively) to support the ongoing research project (see Clough et al., 2016; 
Kubitza et al., 2018; Krishna et al., 2017). Figure III-2 presents the map of Jambi Province and 










Figure III-2. Map of Jambi Province indicating the research villages 
Notes: Cartography = Christoph Kubitza, Department of Agricultural Economic and Rural Development, 
University of Göttingen 
The number of observations per village varied depending on the farmers population. The 
farmers were selected randomly from the farmers list, which we got from the village heads or 
leaders of farmer-groups. We included rubber farmers (N = 437 farmers) and double-crop 
farmers (N = 199 farmers). The farmers were the household heads, who were commonly the 
families’ decision-makers. We also obtained socioeconomic and demographic information of 
the households. The study took place from October 2016 until January 2017. 
3.2. HL-task  
The incentivised HL-task was used to elicit farmers’ risk attitudes. Using the Multiple Price 
List (MPL), the farmers were confronted with a series of ten paired lotteries. Within these ten 
paired lotteries, the chances of obtaining a high payoff were gradually increase as presented in 
Table III-1. Each paired lottery consists of two options: option A and option B, and there were 
two payoffs in each option: a high and a low payoff. The two payoffs in option A were 4,000 
Indonesian Rupiah (IDR) and 3,200 IDR, and the payoffs in option B were 7,600 IDR and 200 
IDR16. The difference between the high and low payoff in option A was less than in option B. 
 
16 1$ ≈ 13,440 IDR.  
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Thus, option A was a safe-option, and option B was a risky-option. In each row, the farmers 
must make one choice, choosing option A or B. The row where the farmers switched from option 
A to option B implied the respective their risk attitudes.  
Table III-1. Multiple price list of the HL-task of rubber and double-crop farmers 
Row Option A  Choice Option B 
Expected payoff 
difference 
1 10% of 4,000, 90% of 3,200 … 10% of 7,600, 90% of 200 2,340 
2 20% of 4,000, 80% of 3,200 … 20% of 7,600, 80% of 200 1,680 
3 30% of 4,000, 70% of 3,200 … 30% of 7,600, 70% of 200 1,020 
4 40% of 4,000, 60% of 3,200 … 40% of 7,600, 60% of 200 360 
5 50% of 4,000, 50% of 3,200 … 50% of 7,600, 50% of 200 -300 
6 60% of 4,000, 40% of 3,200 … 60% of 7,600, 40% of 200 -960 
7 70% of 4,000, 30% of 3,200 … 70% of 7,600, 30% of 200 -1,620 
8 80% of 4,000, 20% of 3,200 … 80% of 7,600, 20% of 200 -2,280 
9 90% of 4,000, 10% of 3,200 … 90% of 7,600, 10% of 200 2,940 
10 100% of 4,000, 0% of 3,200 … 100% of 7,600, 0% of 200 -3,600 
Notes: The amount of payoff was in IDR 
In our study, the HL-task was visualised following Ihli et al. (2016). The payoffs were 
depicted in images of a coloured ball inside of a closed bag. Red and yellow represented the 
high and low payoffs in option A, while green and blue visualised high and low payoffs in 
option B. The proportions of coloured balls changed according to the probabilities. For example, 
in row 1, inside of the bag A was one red ball and nine yellow balls, while bag B had one green 
ball and nine blue balls. In row 2, bag A contained two red and eight yellow balls, while bag B 
contained two green and eight blue balls; and so on until row ten (see Table III-A1 Appendix). 
One may wonder whether using the coloured images has a potential problem of colour bias. 
Colour bias occurs when decision makers’ colour preferences associates with their 
socioeconomic and demographic background, such as gender (e.g., Ellis and Ficek, 2001; 
Hurlbert and Ling, 2007). Nevertheless, the coloured images were meant to help farmers 
understanding the HL-task better as argued by Ihli et al. (2016). Hence, we avoided potential 
misunderstanding of written task for illiterate and low-educated farmers, which were common 
in developing countries (Nielsen et al., 2013). The misunderstanding lead to inconsistency and 
potentially lowered the measurement’ reliability (Ihli et al., 2016). We also explained that one 
colour depicts a certain amount of money; the red ball is 4,000 IDR, yellow is 3,200 IDR, green 
is 7,600 IDR, and blue is 200 IDR. Emphasizing the value of each colour should ease 
favouritism of a specific colour.  
To check the colour bias in our observation, we analysed the relationships between farmers’ 
background and selections of the two options in the HL-task. The relationship was depicted as 
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a correlation coefficient (ρ) as in Table III-A2 (Appendix). The values of the ρ were remarkably 
close to zero with positive or negative signs, indicating weak relationships17. Therefore, we are 
confident that farmers’ choices in the HL-task based on their risk preferences instead of colour 
preferences. Even if a slight colour bias presented; we expected that the colour bias applies for 
all farmers from both groups (rubber and double-crop farmers). Since the colour bias should be 
the same for both groups, then, the case of colour bias was not critical for group comparison. 
3.3. CW-task 
We used an incentivised CW-task to measure time preferences following Coller and Williams 
(1999) with two options of payoffs: (1) option I, earlier-smaller payoff; (2) option II, later-
higher payoff. The matrix payoffs of the CW-task are presented in Table III-2.  
Table III-2. Payoff matrix of the CW- task of rubber and double-crop farmers 
Row Option I (in seven days) Choice Option II (in 90 days) 
1 50,000 … 51,300 
2 50,000 … 52,500 
3 50,000 … 53,800 
4 50,000 … 55,200 
5 50,000 … 56,500 
6 50,000 … 57,900 
7 50,000 … 59,300 
8 50,000 … 60,700 
9 50,000 … 62,000 
10 50,000 … 63,600 
Notes: The amount of payoff was in IDR 
We modified some specific elements to provide a feasible design of the task. In our design, 
option I was a payoff in a week (seven days) and the payoff value was fixed at 50,000 IDR18. 
We applied front delay in option I to avoid a present bias and to reduce temptation of getting a 
“today” gain (Andersen et al., 2008). The front delay also held constant transaction cost, i.e., 
 
17 We conducted a t-test to examine whether the ρ are statistically significantly different from zero. For the rubber 
farmers, the variable age and loan are significant at the 5% level. For the double-crop farmers, the variable car 
ownership and plantation area are significant at the 5% level. However, in a large sample size such as in our 
dataset, a small value for ρ could be significantly different from zero at any level and hence, the significance has 
little practical importance for interpretations for the t-test (Taylor, 1990). Accordingly, Taylor (1990) suggested 
the use of the following categories of ρ: where ρ ≤ 0.35 indicates weak relationship, 0.35 ≤ ρ ≤ 0.67 indicates a 
moderate relationship, 0.68 ≤ ρ ≤ 0.90 indicates a strong relationship, and >0.9 indicates a very strong relationship. 
Otherwise, a further step could be to calculate the coefficient of determination (ρ2) by squaring the ρ (Taylor, 
1990). The ρ2 indicates the percentage of farmers’ choice for option A or B in the HL-task that could be explained 
by the socioeconomic and demographic variables. For example, the ρ of the variable age for rubber farmers was 
0.12, and hence the ρ2 was 0.01, this means that only 1% of the total variation in the choice of option A or B could 
be explained by age, even though the variable was statistically significant. 
18 Daily wage of labour working in the rural area of Jambi Province was, on average, 50,000 IDR. 
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uncertainty of future payments (Laury et al., 2012). Option II was a payoff in three months (90 
days), which also used in previous literature (e.g., Hermann and Mußhoff, 2016; Laury et al., 
2012). The values of payoffs increased along the ten rows of the matrix payoff based on the 
annual interest rates. The interest rates ranged from 10% to 100%. In every row, the participants 
must make a choice (option I or II), where the ranges of discount rate were determined on the 
first switching point from option I to II. 
3.4. Monetary incentives 
For both tasks, the monetary incentives were shopping vouchers for daily groceries that could 
be used in a local shop19. Two steps to determine the HL-task payment were:  
(1) Farmer randomly take one of ten numbered coins from a closed bag. The number indicates 
the row in the HL-task.  
(2) On this row, the farmer blindly drew one ball from bag A or bag B depending on his/her 
choice as written in the questionnaire sheet. The value of the payment depicted by the ball 
colour. For example, if the red ball is taken, then the shopping voucher is 4,000 IDR.  
To determine the value of the payments in the CW-task, the farmers randomly took one of 
ten numbered-coins from a closed bag. The number defined the row of the payments. For 
example, the famer drew coin number 5. If his/her choice option I, then he/she received a 
shopping voucher 50,000 IDR that could be used on the seventh day after the experiment. If 
his/her choice was option II, then he/she receives 56,500 IDR that can be used on the ninetieth 
day after the experiments20.  
3.5. Joint-estimation-method 
Following Andersen et al. (2008), we utilised the joint-estimation method to estimate risk 
attitudes and time preferences simultaneously. To do so, Andersen et al. (2008) use the maximum 
likelihood and assume a power risk-utility function with constant-relative-risk-aversion 




                                                                                                                                    (1)    
 
19 We avoided giving cash incentives because it might be associated with bribing. Moreover, in some villages, the 
data collection also occurred nearly simultaneously with local leader elections, where it could be crucial if the 
farmers would think that we bought votes for a specific politician.  
20 The valid date of the shopping voucher was written to prevent the use before the set date. 
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Where 𝑈 is the utility, 𝑋 are the payoffs in the HL-task, 𝜃 is the risk aversion coefficient21. If 𝑗 
indicates the row in the HL-task, then let the high payoff is denoted as ℎ with the respective 
probability 𝑝𝑗, and the low payoff as 𝑙 with the respective probability as 1 − 𝑝𝑗. Thus, 𝑋𝐴ℎ 
indicates the high payoff and 𝑋𝐴𝑙 indicated the low payoff of option A. 𝑋𝐵ℎ indicates high payoff 
and 𝑋𝐵𝑙 indicates low payoff of option B. Then the expected utility (𝐸𝑈) of the paired lotteries 
for option A and B of the HL-task is formulated as (Andersen et al., 2008):  
𝐸𝑈𝐴𝑗 =  𝑝𝑗 · 𝑈(𝑋𝐴ℎ) + (1 − 𝑝𝑗) · 𝑈(𝑋𝐴𝑙)                                                                                         (2) 
and 
𝐸𝑈𝐵𝑗 =  𝑝𝑗 · 𝑈(𝑋𝐵ℎ) + (1 − 𝑝𝑗) ·  𝑈(𝑋𝐵𝑙)                                                                                        (3) 
To allow for randomness, Holt and Laury (2002) introduced a noise parameter (µ), the so-called 
Luce’s error (Luce, 1959). If the probability of choosing option A or B in row 𝑗 is denoted as 
𝑃𝑟𝑗
𝐻𝐿. Hence, the probability of choosing option A is (Holt and Laury, 2002): 
𝑃𝑟𝑗










                                                                                                                      (4) 
The probability of choosing option B is analogue to equation (4). If the decision to select one 
option is denoted as 𝑦𝑗, where 𝑦𝑗 = 𝐴 if the participants chose option A and 𝑦𝑗 = 𝐵 for the 
choice of option B. Then, the log-likelihood of the HL-task (𝐿𝐻𝐿) is (Andersen et al., 2008): 
ln 𝐿𝐻𝐿(𝜃, 𝜇; 𝑦, 𝑍) =  ∑(( ln (𝑃𝑟𝑗
𝐻𝐿(𝐴)|𝑦𝑗
𝑗 
= 𝐴)) + (ln (1 − 𝑃𝑟𝑗
𝐻𝐿(𝐴)) | 𝑦𝑗 =  𝐵))              (5) 
The vector of the household characteristics was denoted as 𝑍. The estimation of the risk 
attitudes involving household characteristics was carried out for robustness check.   
Furthermore, when the risk attitudes coefficients are involved in the estimation of the 










                                                                                                                    (6) 
and 
 
21 Previous literature includes background consumption (𝜔) to define the utility (e.g., Sauter and Mußhoff, 2018). 
We assumed 𝜔 was equal to zero as in Andersen et al. (2008). Therefore, we do not consider 𝜔 in equation (1) 
and further equations.   












                                                                                                            (7)  
𝑃𝑉𝐼 is the present value of option I and 𝑃𝑉𝐼𝐼 is the present value of the option II. 𝑀𝐼 is the payoff 
of option I in time 𝑡 = 7 𝑑𝑎𝑦𝑠.  𝑀𝐼𝐼 is the payoff of option II, in time 𝑡 + 𝜏 = 90 𝑑𝑎𝑦𝑠. Thus, 
𝜏 is the different between the early and later payoffs, i.e., 83 days. 𝛿 indicates the discount rate 
and 𝜗 is its noise parameter. If the probability of choosing option I or II in the row 𝑘 of CW-
task is denoted as 𝑃𝑟𝑘
𝐶𝑊, then the probability of choosing the option I could be defined as 
(Andersen et al., 2008):   
𝑃𝑟𝑘






𝜗 +  𝑃𝑉𝐼𝐼
1
𝜗
                                                                                                                      (8) 
Let us denote the choice as 𝑦𝑘, where 𝑦𝑘 = 𝐼 if the participants chose option 𝐼 and 𝑦𝑘 = 𝐼𝐼 for 
the choice of option 𝐼𝐼. With the involvement of risk attitudes coefficient, the log-likelihood of 
the discount rates is formulated as:  
ln 𝐿𝐶𝑊(𝜃, 𝛿, 𝜇, 𝜗; 𝑦, 𝑍) =  ∑(( ln (𝑃𝑟𝑘
𝐶𝑊(𝐼)|𝑦𝑘
𝑘 
= 𝐼)) + (ln (1 − 𝑃𝑟𝑘
𝐶𝑊(𝐼)) | 𝑦𝑘 =  𝐼𝐼))     (9) 
Similar to the estimation of risk attitudes, we included the household characteristics for the 
robustness check of the estimation.  
4. Descriptive statistics and results 
4.1. Descriptive statistics 
To test the differences between the two groups of farmers, we used two tests: The Chi-square 
test for the variables with binary responses (1/0) and the Mann-Whitney U test for the variables 
with continuous values. The results of the tests and the descriptive statistics are presented in 
Table III-3.  
The two groups of farmers have more male than females, but the Chi-square test shows that 
more males are double-crop farmers. 17% of double-crop farmers have a car, and 6% of them 
also owned a truck. Around 6% of rubber farmers have a car, and almost none of them owned 
a truck. The variable “land title” indicates an official land title. There are two types of land title 
in Jambi: (1) official; (2) sporadic or informal. The sporadic land title is recognised by the local 
government but cannot be used for formal transactions such as collateral (Krishna et al., 2017). 
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Our data show that the share of farmers holding official land titles is higher among the double-
crop farmers. Double-crop farmers used more services from lending and saving institutions 
(e.g., microcredit and savings).  
The Mann-Whitney U test shows that double-crop farmers are significantly older. The rubber 
plantations owned by the double-crop farmers are older and larger22. The productive plantation 
areas are also larger. The farmers have on average two motorbikes, but the double-crop farmers 
have more motorbike than rubber farmers.   
Table III-3. Descriptive statistics of rubber and double-crop farmers 
Variables (units) Variables’ explanations  





Age (years) Age of farmers 45.85(10.21) 47.94(10.31) 0.01 ** 
Car (1/0) = 1, if own cars  6.17% 17.09% 0.00 *** 
Gender (1/0) = 1, if male  95.88% 98.49% 0.09 * 
Land title (1/0) = 1, if official title  26.32% 37.19% 0.01 ** 
Loan (1/0) = 1, if own loan  44.62% 56.78% 0.00 *** 
Motorbike Number of motorbikes  1.86(0.82) 2.19(1.03) 0.00 *** 
Plantation ageb (years) Age of plantations  18.07(9.42) Rubber 20.04(9.31) 
Oil palm 7.56(5.83) 
0.01 ** 
Plantation areab (ha) Size of plantation areas  2.98(3.23) Rubber 3.89(4.94) 
Oil palm 2.83(3.15) 
0.01 ** 
Productive area (ha)b Size of productive plantation 
areas  
2.39(2.49) Rubber 3.19(3.92) 
Oil-palm 1.93(3.19) 
0.01 ** 
Saving (1/0) = 1, if own saving  23.34% 43.72% 0.00 *** 
Truck (1/0) = 1, if own trucks  0.46% 3.52% 0.00 *** 
Notes: N = 636 that consists of 437 rubber farmers, 199 double-crop farmers; aSignificance levels: *** at 1% 
level, ** at 5% level, * at 10% level; bOn the variable plantation age, plantation area and productive plantation 
area; the tests were carried out to compare the rubber plantations owned by rubber farmers and rubber 
plantations owned by double-crop farmers 
4.2. Results: Hypothesis 1 
To test the hypotheses, we estimated the risk attitudes and discount rate based on equations (5) 
and (9), respectively, using two models. In these two models, the farmers’ socioeconomic and 
demographic were not included in the estimation.  
Model 1 performs the joint-estimation to estimate the risk aversion coefficient (𝜃) and 
discount rate (𝛿) of both groups separately. Thus, at first, we estimate the risk attitudes and 
 
22 The Mann-Whitney U test for testing the variables of plantation age, plantation area, and productive plantation 
area, is used to compare the rubber plantations owned by rubber farmers and the rubber plantations owned by 
double-crop farmers. The double-crop farmers own oil palm plantations, but the rubber farmers do not own oil 
palm plantations. Thus, it was not necessary to conduct the Mann Mann-Whitney U test for variables plantation 
age, area, and productive area of oil palm plantations. 
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discount rates of rubber farmers. Secondly, we estimate the risk attitudes and discount rates of 
double-crop farmers. As 𝜃 and 𝛿 of both groups are estimated separately, we present the results 
in separate columns in Table III-4. Model 2 performs a joint-estimation using the observations 
of both groups together. In model 2, we create a dummy variable “double-crop farmer,” where 
1 = double-crop farmers and 0 = rubber farmers. The results of the estimation are presented in 
the last column of Table III-4.  
Table III-4. Risk aversion coefficients and discount rates of farmers 
Parameters 
Model 1a Model 2a 
Coefficients  Coefficients  Coefficients 
Panel A. Risk aversion coefficient (𝜃) 
Rubber farmers 0.03 - 0.04 
Double-crop farmers - 0.21 *** 0.13 ** 
Panel B. Discount rate (𝛿) 
Rubber farmers 2.97 *** - 2.74 *** 
Double-crop farmers - 2.06 *** 2.56 *** 
Notes: N for rubber farmers = 8,740 (number of clusters = 437), N for double-crop farmers = 3,980 (number of 
clusters = 199); aSignificance levels: *** at 1%, ** at 5%, * at 10%, the significance level indicates the 
difference between the values of θ and zero 
Panel A of Table III-4 shows the estimation of the risk aversion coefficient (𝜃). There are 
three categories to define the risk aversion (Holt and Laury, 2002): (1) 𝜃 is not statistically 
significantly different from zero, indicating risk-neutral individuals; (2) 𝜃 is negative and 
statistically significantly different from zero, indicating risk-loving individuals; (3)𝜃 is positive 
and statistically significantly different from zero, indicating risk-averse individuals.  
From model 1, the estimated 𝜃 of rubber farmers is positive but not statistically significantly 
different from zero. This implied that, rubber farmers are risk-neutral individuals. The 
estimations of 𝜃 of double-crop farmers is positive and statistically significantly different from 
zero at a significant level of 1% and 5%, respectively. These results indicate that the double-
crop farmers are risk-averse individuals. Model 2 shows the same findings. Thus, the results 
are robust as both models provide the same finding. Therefore, we could confirm our first 
hypothesis, which stated, “more risk-averse farmers cultivate oil palms besides rubber.”  
Monoculture practice for rubber and palm oil production have been associated with 
deforestation and biodiversity loss (Brandi et al., 2015; Wilcove and Koh, 2010). The 
monoculture practice also reduced land cover areas of rubber agroforest due to higher profits 
(Drescher et al., 2016; Grass et al., 2020). However, despite the importance of rubber in Jambi, 
the areas of rubber plantation are steady while the areas of oil palm monoculture keep increasing 
(Ekadinata and Vincent, 2011; Gatto et al., 2015). We observed that farmers are willing to 
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produce two crops simultaneously and proposed a hypothesis that farmers’ risk aversion 
reasoned the crop-diversification.  
Rubber yields vary due to rainwater and low humidity, resulting on unstable income during 
rainy season (Feintrenie et al., 2010; Miyamoto, 2006). Oil palm yields relatively more stable 
despite the seasons (Rist et al., 2010). However, the price of oil palm fruits is more volatile (cf. 
Figure III-1) and the yields are more perishable. Regarding the advantage and disadvantage of 
each crop, cultivating both helps to maximize the expected returns with minimum variances if 
the expected returns are not perfectly correlated. Our study found that farmers who cultivate 
two crops are more risk-averse than farmers who only cultivate rubber. These findings confirm 
the previous studies that found relationship between farmers’ risk-averse and crop-
diversification (e.g., Bezabih and Sarr., 2012; Chavas and Di Falco., 2012). In a country where 
agricultural insurance is not well-established (i.e., developing countries), crop-diversification 
is an effective alternative to mitigate income uncertainties (Dercon, 1996). 
4.3. Results: Hypothesis 2 
Panel B of Table III-4 presents the estimated discount rate 𝛿. Model 1 show that 𝛿 of rubber 
farmers is 2.97, indicated annual discount rates of 297%, and the discount rates of double-crop 
farmers are 206% annually. Model 2 shows the rubber farmers’ discount rates are 274%, and 
the double-crop farmers’ discount rates are 256%. These results indicate that double-crop 
farmers’ discount rates are lower than rubber farmers. We carried out a t-test, to examine 
whether the discount rates of both groups are statistically significantly different. The t-test 
shows that the discount rates of both groups are not statistically significantly different (p-value 
= 0.16 for model 1; p-value = 0.78 for model 2). Hence, these results contradicted our 
expectation in hypothesis 2, which stated that “farmers with higher discount rate cultivate oil 
palms besides rubber.” Therefore, we remark that farmers’ discount rates are not different 
among the two groups, even though their risk attitude have an important role regarding crop-
diversification.  
We found that the discount rates are not statistically significantly different, but we 
encountered extremely high discount rates, i.e., above 200% annually. Compared to previous 
studies, the discount rates of farmers in our sample are extremely high (e.g., Hermann and 
Mußhoff, 2016; Skidmore et al., 2014). Regarding this, we applied two methodical approaches 
to avoid the overestimated discount rates: (1) using not too high the interest rate in the CW-
task; (2) estimate the discount rates and risk attitudes simultaneously (Andersen et al., 2008). 
In our design, the upper border of interest rates is 100%. Besides, we also estimate the discount 
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rates and risk attitudes simultaneously. Nevertheless, high discount rates are common in 
developing countries (Holden et al., 1998), and the previous study also estimated a high 
discount rate, i.e., 250% (Coble and Lusk., 2010).  
4.4. Robustness check 
We involve farmers’ socioeconomic and demographic variables in the estimation to check the 
robustness and to examine the influence of those variables on the risk attitudes and discount 
rates. The results are presented in Table III-5. The dummy variable “double-crop farmer” is 
statistically significant at a 1% level regarding the risk attitudes but not significant regarding 
the discount rate. This result provides two remarks: (1) the risk attitudes of both groups are 
statistically significantly different, i.e., the double-crop farmers are more risk-averse; (2) the 
discount rates of both groups are not statistically significant (p-value = 0.92). Therefore, the 
findings from model 1 and model 2 are maintained (cf. Table III-4). Furthermore, the variable 
“age” significantly influences farmers’ risk attitudes at a 5% significance level. This implies 
that older farmers are more risk-averse than younger farmers. Besides, the “loan” is statistically 
significant with a negative sign, showing that having a loan leads to lower risk aversion. 
However, none of the variables statistically significantly influence farmers’ discount rates. 
Table III-5. Model estimates of risk attitudes and time preferences with farmers’ 
socioeconomic and demographic 
Variables (units) 
Coefficients (st. error) for 
the estimation of 𝜃a 
Coefficients (st. error) for 
the estimation of 𝛿a 
Double-crop farmer (1 = double-crop) 0.18(0.07) *** 1.01(0.59) 
Age (years) 0.01(0.01) ** -0.02(0.03) 
Car (1/0) 0.00(0.10) 0.44(1.25) 
Gender (1/0) -0.13(-0.15) 1.26(0.95) 
Land title (1/0) -0.09(-0.06) -0.08(0.66) 
Loan (1/0) -0.13(-0.06) * 0.83(0.72) 
Motorbike 0.02(0.03) 0.41(0.36) 
Plantation age (years) 0.00(0.00) 0.03(0.04) 
Plantation area (ha) 0.00(0.01) -0.02(0.08) 
Productive plantation (ha) -0.01(0.02) 0.01(0.09) 
Saving (1/0) 0.06(0.06) -0.95(0.62) 
Truck (1/0) -0.04(0.14) -1.38(2.22) 
Notes: N for rubber farmers = 8,740 (number of clusters = 437), N for double-crop farmers = 3,980 (number 
of clusters = 199); aSignificance levels: *** at 1%, ** at 5%, * at 10%, the significance level indicates the 
difference between the values of θ and zero 
5. Conclusions 
Farmers constituted a large share of the rural population in many developing countries. Hence, 
enhancing agriculture is utilised to accelerate the development of rural areas (Ashley and 
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Maxwell, 2001). One policy measure to reduce income variance is crop-diversification. 
Regarding a decision to diversify crops, farmers’ risk attitudes and time preferences are relevant 
information for a meaningful policy recommendation. However, the existing investigation is 
limited to seasonal/annual crops. This study investigates farmers’ risk attitudes and time 
preferences regarding diversification of perennial crops. We conducted a study in Jambi 
Province, Indonesia, and involved two groups of farmers: rubber farmers and double-crop 
farmers, i.e., cultivate rubber and oil palms. We expected that the latter group is more risk-
averse and have higher discount rates. This study generates two findings: (1) double-crop 
farmers are more risk-averse than rubber farmers; (2) the time preferences of both groups are 
not different.  
This study provided empirical proof that experimentally measured risk attitudes explain 
farmers’ decisions to diversify perennial crops. It enriches the literature that investigates crop-
diversification of seasonal/annual crops. These findings can be a preliminary insight for 
policymakers when they plan to either encourage or discourage crop-diversification. Encourage 
crop-diversification means supporting oil palm adoption. In this regard, the government can 
consider increasing the number of mills to accommodate the perishable oil palm fruits. In 
contrast, if the government wants to focus on rubber production then financial incentive such 
as floor prices for rubber or agricultural insurances during rainy season could be implemented. 
Furthermore, even though we do not discover the difference in discount rates, we find that 
farmers’ discount rates are extremely high. The policymakers and the farmers themselves must 
put consideration about these high discount rates. High discount rates hinder farmers’ adoption 
on new technology, thereby resulting on slow growth and poverty (Stevenson et al., 2014). 
Finally, we propose some outlooks for future research to extend our study. First, we used 
coloured images to explain the HL-task. Future research can modify the experiment by using 
randomisation of colours. This can be a useful strategy to prevent the possibility of colour bias. 
Second, future research can investigate farmers’ motivation to diversify crops using in-depth 
interviews. Third, future research can extend the sample coverage by involving rubber farmers 
who switched entirely to oil palms. In this way, researcher can compare the risk attitudes and 
time preferences of farmers who diversify crops and farmers who switching crops.  
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Table III-A1. Holt and Laury task 
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Table III-A2. Correlation coefficients for farmers’ socioeconomic and demographic 
variables and selection for option A or option B in the HL-task 
Variables (unit) Variables’ explanations  
Correlation coefficient (ρ) 
Rubber farmers Double-crop farmers 
Age (years) Age of farmer 0.12 -0.04 
Car (1/0) = 1 if own cars  0.04 -0.17 
Gender (1/0) = 1 if male  -0.05 -0.05 
Land title (1/0) = 1 if official title  -0.06 -0.03 
Loan (1/0) = 1 if own loan  -0.11 -0.01 
Motorbike Number of motorbikes  0.00 0.04 
Plantation age (years) Age of plantations  0.06 -0.02 
Plantation area (ha) Size of plantation areas  0.07 -0.16 
Productive area (ha) Size of productive plantation areas  0.04 -0.14 
Saving (1/0) = 1 if own saving  0.00 0.02 
Truck (1/0) = 1 if own trucks  -0.02 -0.05 
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The investigation of farmer’s risk attitudes and time preferences in developing countries are 
important preliminary insights for future policies regarding development projects.  Farmers in 
developing countries often have limited access to credit and insurance while facing various 
shocks and high inflation rate (Fafchamps, 2003). They also suffer from the price fluctuation, 
uncertain access to inputs, and unclear land ownership’s (Barrett et al., 2012; Lee, 2005). 
Studies have investigated the relationship between farmers’ risk attitude and farmers’ decision 
for microcredit’s application, innovation’ adoption or agricultural insurance (e.g., Jin et al., 
2016; McIntosh et al., 2013; Ngwira et al., 2013). Risk aversion holds farmers in a poverty-
trap within the cycle: reluctant to adopt – being left out from innovations’ benefits – stay poor 
(Brick and Visser, 2015; Knight et al., 2003). Farmers’ time preferences are a vital 
consideration when policymakers plan to implement a long-term investment project. Without 
financial incentives or other supporting programs, farmers who favour a high discount rate are 
unlikely to participate (e.g., Bauer and Chytilová., 2010; Bauer et al., 2013).  
This study aims to provide insight about the risk attitude and time preference of rural farmers 
in India and Indonesia, helping policymakers to make informed decisions about future projects. 
It also presents a comparison between the preferences of Indian and Indonesian rural farmers. 
Several considerations have been put in conducting the studies in these two countries. Firstly, 
they are currently experiencing structural changes, where farmers are slowly leaving the 
subsistence farming and producing cash crops (e.g., Finnis, 2006; Grass et al., 2020). When the 
structural changes are happening, the farmers are facing the options of investment and 
disinvestment for a particular cash crop or a new farming system. In this circumstance, the 
knowledge about farmers’ risk attitude and discount rate would be important elements when 
the policymakers make a forecast for investment and disinvestment. Otherwise, they will not 
come to a meaningful future policy.  
Secondly, interm of population, India and Indonesia belong to the top four countries in the 
world. Both countries have high population growth, 37% for India and 32% for Indonesia 
(World Bank, 2018). Together with the huge population, the poverty among small-scale farmers 
is also major in these two countries while compared to others high-populated countries, e.g., 
China and United States of America. Thirdly, India and Indonesia also deal with the rapid 
urbanisation as indicated by higher urban population growth than total population (Bharath et 
al., 2018; Ramachandra et al., 2015; World Bank, 2018; Zhu and Simarmata, 2015). The 
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urbanisation promotes problems such as decreasing young generations in farming (Patil et al., 
2019).  
The fieldwork involved 772 Indian and 756 Indonesian farmers. During the fieldwork, we 
carried out two experiments: (1) the Holt and Laury task (HL-task) to observe risk attitudes; 
and (2) the Coller and Williams task (CW-task) to measure time preferences by estimating the 
discount rate (Coller and Williams, 1999; Holt and Laury, 2002). Incentives (monetary 
payments) were given to encourage a sensible decision during the experiment (Hertwig and 
Ortman, 2001). The risk attitudes and time preferences are estimated simultaneously using the 
joint-estimation-method (Andersen et al., 2008). In this method, the discount rate is estimated 
by involving the risk attitudes coefficients instead of assuming risk neutrality (see Andersen et 
al., 2008; Anderhub et al., 2001; Laury et al., 2012). For robustness check, we estimated 
farmers’ risk attitude and discount rate by involving socioeconomic characteristics as control 
variables.  
To date, studies of farmers’ risk attitude and discount rate were conducted usually in a single 
country (e.g., Bauer et al., 2012; Nguyen, 2011; Tanaka et al., 2010). Likewise, if research was 
based in two or more countries, they did not focus on farmers (e.g., Falk et al., 2018). Our study 
was a direct country comparison in one paper without being a review or meta paper. This comes 
with the advantage that the experimental framework conditions in both countries were perfectly 
harmonised. For instance, the data collection was conducted at a similar time frame which 
anticipated changes in the economic conditions, using the same elicitation method (HL-task 
and CW-task), and focused only on farmers. Furthermore, this study extended on previous 
research that focused only on risk attitudes or time preferences. For example, Harrison et 
al. (2009) study, compared farmers’ risk attitudes in three different income levels countries but 
did not discuss the time preferences. The same could be said for the study by Wang et al. (2016) 
which compared the time preferences of students in a laboratory experiment from many 
countries but neglected the discussion of risk attitude. To focus on the elicitation of risk attitudes 
and time preferences at the same time is advantageous because it allows risk attitudes to be 
considered when calculating time preference, rather than assuming risk neutrality. Therefore, 
this study is novel in terms of involving two countries, risk and time preferences as well as 
focusing on farmers.  
This paper is structured as follows: Section 2 presents the data and descriptive statistics. 
Section 3 presents the methodology. Section 4 explains and discusses the results. Section 5 
provides a conclusion and the policy implications of the findings.  
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2. Data and descriptive statistics 
The fieldwork was conducted in two countries, Indonesia and India, at an almost simultaneous 
time frame to anticipate changes in the economic conditions (end of 2016 until the beginning 
of 2017). Together with the measurement of farmers’ risk attitudes and discount rate, we also 
surveyed farmers’ socioeconomic and demographic information. In the estimation of farmers’ 
risk attitude and discount rate, the socioeconomic and demographic information was used as 
control variables (see section 4.2). The explanation of the study’s location and the detail 
information about how the sample was selected are as follows: 
(1) India’s fieldwork was conducted in rural areas around Bangalore city and took place from 
December 2016 to May 2017. In line with the ongoing research project (see Hoffmann et 
al., 2017; Wegmann and Mußhoff, 2019), two research transects (north and south) 
representing three urbanisation stages – urban, peri-urban, and rural, were selected. A 
stratified random sampling procedure was applied to select the sample households. First, 
each transect was divided into six strata, using the Survey Stratification Index (SSI). SSI is 
constructed using two variables – the distance to the city centre, and the proportion of build-
up area measures the rural-urban gradient (Hoffmann et al., 2017). From the resulting 12 
strata, 61 villages/urban wards were selected randomly proportional to each stratum’s size. 
Then, in each of the sample village/urban ward, around 20 households were randomly 
selected proportional to the village’s size using the household lists from the kindergarten 
that were regularly updated. Focusing on this study’s objectives, we only used part of the 
dataset, which involves participants living in the rural area (village). Therefore, this study 
involved 42 rural areas and 772 farmers. 
(2) The fieldwork in Indonesia was conducted in the rural area surrounding Jambi city. In line 
with the ongoing research project (see Clough et al., 2016), the study took place in five 
regencies23, including Batanghari, Bungo, Muaro Jambi, Sarolangun, and Tebo regency24. 
Eight villages were selected randomly from the village lists of each regency, and five 
villages were purposively selected. Thus, there are 45 villages included in this study. We 
randomly selected the farmers from the farmers’ list from each village provided by the 
village heads or the leader of the farmers’ group. We involved 8 to 24 farmers per village 
 
23 Regency is a term used for an administrative division of area in Indonesia. Each province in Indonesia is divided 
into several regencies. 
24 These five regencies surrounded two forest areas, namely Bukit Duabelas and Harapan Forest Restoration, where 
the forest's transformation into agricultural land massively occurred (Clough et al., 2016).  
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depending on the population size of farmers per village, resulting in a total of 756 farmers. 
The work lasted from October 2016 until January 2017.  
To provide an overview about farmers’ socio-demographic backgrounds, descriptive 
statistics are presented in Table IV-1. We surveyed farmers’ age, education, household size, 
and some binary variables such as gender, full-time farmers status, and a loan from formal or 
informal institutions. The Indian farmers were slightly younger and have shorter formal 
education than Indonesian farmers. The Indian farmers lived in larger households compared to 
Indonesians. During the data collection, we defined the “full-time farmers” are the farmers who 
obtain more than 50% of income from farming activities. Out of the sample, 87% from 
Indonesia and 77% from India are full-time farmers. In both countries, most of the surveyed 
farmers are male, but more female farmers are captured in India, i.e., 27% vs. 3%. A loan from 
an informal institution is more common among Indian farmers (i.e., 26% vs. 2%) than in 
Indonesia, where 20% of them have loans. Meanwhile, only 2% of Indonesian farmers have a 
loan from informal institutions. In contrast, more farmers in Indonesia have a loan from formal 
institutions (48%) than in India (32%). 
Table IV-1. Descriptive statistics of Indian and Indonesian farmers 
Variables (units) 
a
 Variables’ explanations 
Mean (Std. dev.) / share in % 
India Indonesia  
Age (year-old) Age of farmer 45.15(13.96) 46.53(10.24) 
Education (years) Formal education 6.25(5.05) 8.36(3.57) 
Full-time farmer (1/0) = 1 if ≥ 50% income from farming 77% 87% 
Gender (1/0) = 1 if male  73% 97% 
Household size The numbers of household members 4.66(2.19) 4.27(1.43) 
Loan formal (1/0) = 1 if has loan from formal institutions 32% 48% 
Loan informal (1/0) = 1 if has loan from informal institutions 26% 2% 
Sample size 772 756 
(Notes: a Significance levels: *** at 1%, ** at 5%, * at 10%) 
3. Methodology 
The fieldwork was supported by several fieldwork-assistants who spoke the local language to 
conduct “one-by-one experiments,” where one field assistant helped one farmer perform the 
tasks. To help the farmers better understand the tasks, we used coloured pictures. In this way, 
we helped the farmers who were illiterate or have limitation to read.  
3.1. The HL-task and CW-task 
Following Holt and Laury (2002), there were ten rows of paired lotteries in the HL-task. Each 
row consisted of two options: A or B. Every option included a pair of payoffs: high payoff and 
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low payoff. The difference between the payoffs in option A was less than in option B. Thus, 
option A was the “safe-option,” and option B was the “risky-option.” The probability of gaining 
a high payoff increased as farmers moved down to the tenth row (cf. Table 2). The risk attitudes 
were determined when the farmers switched from selecting option A to option B for the first 
time. For practical reasons, we visualised the tasks using coloured pictures to depict the payoffs 
in the HL-task. As for the CW-task, the task was much simpler, and we used a table depicting 
the ten rows of the two options.   





Option A (INR)  Choice Option B (INR) Option A (IDR) Choice Option B (IDR) 
1 10% of 100, 
90% of 80 
… 
10% of 192, 
90% of 5 
10% of 4,000, 
90% of 3,200 
… 
10% of 7,600, 
90% of 200 
2 20% of 100, 
80% of 80 
… 
20% of 192, 
80% of 5 
20% of 4,000, 
80% of 3,200 
… 
20% of 7,600, 
80% of 200 
3 30% of 100, 
70% of 80 
… 
30% of 192, 
70% of 5 
30% of 4,000, 
70% of 3,200 
… 
30% of 7,600, 
70% of 200 
4 40% of 100, 
60% of 80 
… 
40% of 192, 
60% of 5 
40% of 4,000, 
60% of 3,200 
… 
40% of 7,600, 
60% of 200 
5 50% of 100, 
50% of 80 
… 
50% of 192, 
50% of 5 
50% of 4,000, 
50% of 3,200 
… 
50% of 7,600, 
50% of 200 
6 60% of 100, 
40% of 80 
… 
60% of 192, 
40% of 5 
60% of 4,000, 
40% of 3,200 
… 
60% of 7,600, 
40% of 200 
7 70% of 100, 
30% of 80 
… 
70% of 192, 
30% of 5 
70% of 4,000, 
30% of 3,200 
… 
70% of 7,600, 
30% of 200 
8 80% of 100, 
20% of 80 
… 
80% of 192, 
20% of 5 
80% of 4,000, 
20% of 3,200 
… 
80% of 7,600, 
20% of 200 
9 90% of 100, 
10% of 80 
… 
90% of 192, 
10% of 5 
90% of 4,000, 
10% of 3,200 
… 
90% of 7,600, 
10% of 200 
10 100% of 100 … 100% of 192 100% of 4,000 … 100% of 7,600 
(Notes: aINR is Indian Rupee, IDR is Indonesian Rupiah, 1$ is approximately equal to 68.03 INR or 13,300 
IDR).  
In the CW-task, the farmers are confronted with two options of payoffs: option I and II. 
Option II was the sum of the value of the option I plus an interest rate. The payoffs of option II 
were offered later than the option I (Coller and Williams, 1999). In our design, the option I was 
a payoff in one week. The value of option I was 120 Indian Rupee (INR) or 50,000 Indonesian 
Rupiah (IDR); for Indian and Indonesian farmers, respectively. Option II was a payoff in three 
months, where the interest rate ranged from 10% to 100% in the annual term. Option I was 
delayed for one week for two reasons. Firstly, the delay for both payoffs mitigated the 
immediate temptation and gave the same ascertained risk for both options because they were 
given in the future (Andersen et al., 2008). Secondly, we arranged a local shop for organising 
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the transfer for mobile recharge and exchanging the shopping vouchers. The paired options of 
the CW-task are presented in Table 3.   






Option I (INR) Choice Option II (INR) Option I (IDR) Choice Option II (IDR) 
1 120 … 123 50,000 … 51,300 
2 120 … 126 50,000 … 52,500 
3 120 … 129 50,000 … 53,800 
4 120 … 132 50,000 … 55,200 
5 120 … 135 50,000 … 56,500 
6 120 … 138 50,000 … 57,900 
7 120 … 141 50,000 … 59,300 
8 120 … 144 50,000 … 60,700 
9 120 … 147 50,000 … 62,000 
10 120 … 150 50,000 … 63,600 
(Notes: aINR is Indian Rupee, IDR is Indonesian Rupiah, 1$ is approximately equal to 68.03 INR or 13,300 
IDR. Option I was a payment in one week and option II was a payment in three months) 
3.2. Monetary incentives 
Monetary incentives were given to both HL and CW tasks. In each task, the farmers made ten 
decisions. For the monetary incentives, one of these decisions was chosen randomly and 
farmers received the incentive according to their choice of option A or B. The monetary 
incentives consisted of mobile recharge for Indian farmers and a shopping voucher for daily 
groceries for Indonesia’s farmers. 
Slightly different tools were utilised to determine the HL-task's monetary incentives. In 
India, we used a ten-sided dice depicting the ten rows of paired lottery and to indicate the 
payoffs. First, the farmers rolled the die to randomly select one of the ten rows. Depending on 
their previous choice during the task, they were assigned to option A or option B of that row. 
Then they rolled the die a second time to determine high or low payoff – for example, in a row 
with 30% chance of high payoff and 70% of low payoff, numbers 1 to 3 represent high payoff 
and numbers 4 to 10 represent low payoff. In Indonesia, we used ten-numbered coins to depict 
the ten rows of paired lotteries. The farmers blindly picked a coin to determine the row and 
were assigned to option A or option B of that row. In the second step, bags with coloured balls 
were used to determine high or low payoff. For example, in a row with 30% of high payoff and 
70% of low payoff, there were 3 red balls and 7 yellow balls in the bag, of which the farmer 
drew one. In the CW-task, like the HL-task, only one randomly selected row is binding to 
determine the monetary incentives. To randomly select the row, the Indian farmers hrewt a ten-
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sided die, and the Indonesian farmers blindly took one out of ten-numbered coins. The number 
indicates from which row is the monetary incentive. One US$ is approximately equal to 68.03 
INR or 13,300 IDR. The amount of baseline payoff (the option I) is the daily wage of non-
skilled labour in a rural area, indicating that these values are not trivial. 
3.3. Maximum likelihood estimation  
The farmers’ risk attitudes and time preferences are estimated simultaneously using the joint-
estimation method following Andersen et al. (2008). To estimate the risk attitudes, we assume 




                                                                                                                                       (1)    
The utility was denoted as 𝑈, the payoffs in the HL-task were denoted as 𝑋, and 𝜃 was the 
CRRA coefficient25. Each pair of lotteries in the HL-task consisted of a high payoff (h) with 
the respective probabilities (𝑝𝑖) and the low payoff (l) with the respective probabilities 1 – 𝑝𝑖 
as presented in Table 2. The expected utility (EU) of option A in row 𝑖 was formulated as 
(Andersen et al., 2008): 
𝐸𝑈𝐴𝑖 =  𝑝𝑖 ·  𝑈(𝑋𝐴ℎ) + (1 – 𝑝𝑖) · 𝑈(𝑋𝐴𝑙)                                                                                          (2) 
and option B 
𝐸𝑈𝐵𝑖 =  𝑝𝑖 ·  𝑈(𝑋𝐵ℎ) + (1 – 𝑝𝑖) · 𝑈(𝑋𝐵𝑙)                                                                                         (3) 
Following Holt and Laury (2002), we involve a noise parameter (µ) based on Luce’s error 
(Luce, 1959). The µ allows randomness of choice. 𝑃𝑟𝑖
𝐻𝐿 depicts the probability of choosing one 
of the two options (A or B) in row 𝑖 of the HL-task. Hence, the probability of choosing option 
A can be formulated as (Holt and Laury, 2002)26: 
𝑃𝑟𝑖










                                                                                                                   (4) 
If y is the decision in row 𝑖, then 𝑦𝑖 = 𝐴 if the farmers chose option A. Similarly, 𝑦𝑖 = 𝐵, if the 
farmers chose option B. The log-likelihood estimates the average of risk attitudes as farmers 
 
25 Andersen et al. (2008) added background consumption (𝜔) to define the utility but assumed 𝜔 is equal to zero. 
Therefore, in our estimation, we also assumed that 𝜔 is zero. 
26 The probability to choose option B is similar to the equation (4). 
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are treated as homogeneous (Liebenehm and Waibel, 2014). Moreover, this log-likelihood can 
also involve farmers’ socioeconomic and demographic backgrounds. If the socioeconomic and 
demographic variables is denoted as 𝑍 , then the log-likelihood is (Andersen et al., 2008): 
ln 𝐿𝐻𝐿(𝜃, 𝜇; 𝑦, 𝑍) =  ∑(( ln (𝑃𝑟𝑖
𝐻𝐿(𝐴)|𝑦𝑖
𝑖 
= 𝐴)) + (ln (1 − 𝑃𝑟𝑖
𝐻𝐿(𝐴)) | 𝑦𝑖 =  𝐵))             (5) 
To estimate the discount rate, we denoted the payoffs of option I as 𝑀𝐼, and 𝑀𝐼𝐼 for the 
payoffs of option II in the CW-task. Then, 𝑡 indicated the time of option I, which was 𝑡 =
7  days. The time for option II was 𝑡 + 𝜏 (𝜏 is the time difference between options I and II). 
With the involvement of risk aversion coefficients, the present values (𝑃𝑉) of the option I and 










                                                                                                                       (6) 
and 









                                                                                                              (7)  
Using𝑃𝑟𝑖
𝐶𝑊 we then depicted the probability of choosing one of the two options (I or II) in row 
𝑖 of the CW-task. Then, as we involved the noise parameter of the time preferences (𝜗), the 
probability of choosing option I in row 𝑖 was formulated as (Andersen et al., 2008): 
𝑃𝑟𝑖






𝜗 +  𝑃𝑉𝐼𝐼𝑖
1
𝜗
                                                                                                                      (8) 
If we used 𝑤 to indicate farmers’ decision in row 𝑖, then 𝑤𝑖 = 𝐼 if farmers chose option I and 
𝑤𝑖 = 𝐼𝐼 if they chose option II. Hence, if we involved socioeconomic and demographic 
variables (𝑍) in the estimation, the log-likelihood was (Andersen et al., 2008): 
 
ln 𝐿𝐶𝑊(𝛿, 𝜃, 𝜇, 𝜗; 𝑤, 𝑍) =  ∑(( ln (𝑃𝑟𝑖
𝐶𝑊(𝐼)|𝑤𝑖
𝑖 
= 𝐼) + (ln (1 − 𝑃𝑟𝑖
𝐶𝑊(𝐼)) | 𝑤𝑖 =  𝐼𝐼))    (9) 
4. Results and discussion  
After data checking and cleaning, 1,528 observations remain (772 Indian and 756 Indonesian 
farmers). Inconsistency (select option A, option B, and then option A again) could have 
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occurred while conducting the HL- and CW-task that can lower the reliability of the 
measurement (Ihli et al., 2016). A possible way to reduce the inconsistency is to improve 
respondents’ understanding. By usingcoloured pictures we were able to give the explanation 
and conduct one-by-one experiment (one farmer was accompanied by one fieldwork-assistant). 
In our dataset, the inconsistent answer in the HL-task is 7.67%, while inconsistent answer in 
the CW-task is 1.59%. In this article, we left-out the inconsistent answers from the calculation 
and present the results only from consistent answers. 
4.1. Comparison of farmers’ preferences in India and Indonesia 
There are three classifications to interpret the estimated CRRA coefficient: (1) the value of 𝜃 is 
not statistically significantly different from zero, indicating risk-neutral; (2) the value of 𝜃 is 
negative and statistically significantly different from zero, indicating risk-loving; (3) the value 
of 𝜃 is positive and statistically significantly different from zero, indicating risk-averse decision 
makers on average. For the CW-task, 𝛿 can be directly interpreted as the discount rate, for 
example a 𝛿 of 1.5 indicates a discount rate of 150% per year. Table 4 presents the estimation 
results of farmers’ average risk attitudes and discount rate without controlling for the 
socioeconomics and demographic background in the estimation.  
Table IV-4. Maximum likelihood estimation results of farmers’ risk aversion and time 
preferences in India and Indonesia 
Countries and preferences a Coefficients Std. err. t-testb 
95% confidence interval 
Lower Upper 
India 
Coefficient of risk attitudes 𝜃 0.17 0.02 *** 0.13 0.22 
Discount rate 𝛿 1.90 0.14 *** 1.62 2.19 
Indonesia 
Coefficient of risk attitudes 𝜃 0.10 0.02 *** 0.07 0.13 
Discount rate 𝛿 2.71 0.25 *** 2.22 3.20 
(Notes: aN for Indian farmers = 15,440 (number of clusters = 772), N for Indonesian farmers = 15,120 (number 
of clusters = 756; bSignificance levels: *** at 1%, ** at 5%, * at 10%. The significance levels indicate that the 
values are statistically significantly different from zero) 
On average, the CRRA (𝜃) of the Indian farmers is 0.17, while Indonesian farmers are at a 
level of 0.10. The values of the risk attitude coefficients are positive and statistically 
significantly different from zero, this thereby indicated slightly risk-averse individuals on 
average based on the Holt and Laury classification (Holt and Laury, 2002 p. 10). To further 
examine whether the 𝜃 of the two groups are statistically significantly different, we carried out 
a t-test for two independent samples. The 𝜃 of both samples are statistically significantly 
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different based on the t-test (p-value = 0.01). This means that Indian farmers of our sample are 
more risk-averse than Indonesian farmers, on average.  
Furthermore, the estimated 𝛿 of Indian farmers is 1.90, indicating an average discount rate 
of 190% in annual terms. The average discount rate of Indonesian farmers is 270% in annual 
terms. Similarly, we carried out the t-test to examine whether the two groups’ discount rate is 
different. The t-test shows that the farmers’ discount rate from both countries is statistically 
significantly different (p-value = 0.01). This means that the discount rate of Indian farmers in 
our sample is lower than Indonesian farmers’ discount rate, on average.  
Compared to previous studies, the estimated discount rate in our study is relatively high. 
These numbers imply that the farmers want more than the double amount of payment than the 
current amount offered, if they must wait for one year. Utilising a laboratory experiment 
involving students in the United States of America (USA), Coller and Williams (1999) measure 
discount rate within the ranges of 17.5% – 20% annually. Conducting a study in Germany, 
Hermann and Musshoff (2016) find annual discount rate within the interval of 7.3% – 14.7% 
for students and 8.8% – 12.9% for farmers, depending on the magnitude of baseline payoffs in 
the CW-task.  
Nevertheless, India and Indonesia are much less developed than the USA and Germany, and 
the discount rate in developing countries are higher, as found in the literature (Holden et al., 
1998; Poulos and Whittington, 2000). Involving the Indian sample, Atmadja et al. (2017) also 
encounter extremely high discount rate, i.e., 16.7% monthly (if we convert the discount rate of 
Indian and Indonesian farmers in the monthly term, the discount rate is 16% and 23%, 
respectively). Regarding possible methodological issues, we implemented two approaches that 
prevent overestimated discount rate. Firstly, we employed the joint-estimation-method where 
the risk aversion coefficient is involved in the discount rate estimation. This method has the 
benefit of preventing overestimated discount rate (e.g., Andersen et al., 2008; Sauter and 
Mußhoff, 2018). Secondly, the highest interest rate (upper border) used in the CW-task are not 
too high (100%). Thus, the extremely high discount rate in our results is not a consequence of 
utilising too high upper border of the interest rate.  
4.2. Robustness check and possible influencing factors of the sociodemographics 
To check the robustness of these findings, we examine how the farmers’ socioeconomic and 
demographic variables account for possible interaction with the risk attitudes and time 
preferences (cf. Liebenehm and Waibel, 2014). We use a dummy variable to indicate the 
country’s effect. By pooling the observations from the two groups and creating a dummy 
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variable named “country,” where 1 = India and 0 = Indonesia, we estimate the coefficient of 
risk attitudes and discount rate using the joint-estimation-method. The results of the regression 
are presented in Table 5. Regarding risk attitude, the variable “country” has a positive value 
and is statistically significant at the 1% level. This confirms that the level of risk aversion is 
higher in India than in Indonesia, on average. Moreover, the variable “country” is statistically 
significant for the discount rate at the 1% level with a negative value. This implies that the 
discount rate is lower among Indian farmers. Accordingly, these findings confirm that our 
results are robust. Table 5 also shows farmers’ socioeconomic information, which may have 
implications on the analysis of farmers’ risk attitudes and discount rate.  
Table IV-5. Maximum likelihood estimation results of farmers’ risk attitudes and time 
preferences in India and Indonesia with socioeconomic and demographic characteristics  
Variables (units) 
a Coefficients Std. err. t-testb 
Coefficient of risk attitudes  
Country (= 1 if India) 11.59 x 10-2 2.87 x 10-2 *** 
Age (year-old) 0.28 x 10-2 0.10 x 10
-2 ** 
Education (years) -1.51 x 10
-2 0.31 x 10-2 *** 
Full-time farmer (= 1 if ≥ 50% income from farming) 2.28 x 10
-2 3.26 x 10-2 ns 
Gender (1 = if male) -2.47 x 10
-2 3.80 x 10-2 ns 
Household size -0.39 x 10
-2 0.69 x 10-2 ns 
Loan formal (= 1 if has loan from formal institutions) -4.97 x 10
-2 2.42 x 10-2 ** 
Loan informal (1 = if has loan from formal institutions) 10.15 x 10
-2 7.97 x 10-2 ns 
Discount rate  
Country (= 1 if India) -37.60 x 10
-2  11.39 x 10-2  *** 
Age (year-old) -0.56 x 10
-2  0.39 x 10-2  ns 
Education (years) 3.05 x 10
-2  1.20 x 10-2  ** 
Full-time farmer (= 1 if ≥ 50% income from farming) 17.55 x 10
-2  12.60 x 10-2  ns 
Gender (1 = if male) 25.47 x 10
-2  13.46 x 10-2  * 
Household size 5.96 x 10
-2  2.59 x 10-2  ** 
Loan formal (= 1 if has loan from formal institutions) 14.25 x 10
-2  9.99 x 10-2  ns 
Loan informal (1 = if has loan from formal institutions) 16.13 x 10
-2  15.26 x 10-2  ns 
(Notes: aN for Indian farmers = 15,440 (number of clusters = 772), N for Indonesian farmers = 15,120 (number 
of clusters = 756; bSignificance levels: *** at 1%, ** at 5%, * at 10%, ns = non-significant) 
The variables “age”, “education”, and “loan formal” are positive and statistically 
significantly correlated with risk attitude. The variable age is significant at 5% level with 
positive coefficient, yet the value of the coefficient is very close to zero. That is, the magnitude 
of the effect of farmers’ age on the average risk attitude which becomes relatively small. As we 
move-on to the next significant variable, education, the magnitude of the effect is getting more 
pronounced. Farmers’ education is associated with a lower level of risk aversion, on average. 
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Indian farmers who have a shorter formal education (2 years, on average, cf. Table 1) show a 
higher level of risk aversion, on average. This finding is consistent with previous studies of Ihli 
et al. (2016) and Liebenehm and Waibel (2014). The third significant variable “loan formal” 
has a negative coefficient which inform us that having a loan from a formal institution decreases 
the average level of risk aversion. Indonesian farmers who engage more to loans from formal 
institutions show lower levels of risk aversion, on average. Thus, it seems that the loan from a 
formal institution helps the farmers to cope with risks.  
Furthermore, regarding discount rate, the variables “education,” “gender,” and “household 
size” are positive and statistically significant. Our results show that on average the higher the 
formal education, the higher the discount rate. However, it does not mean that the policymaker 
should limit farmers’ education to control discount rate at low level. Previous literature provides 
mixed conclusions on the effect of education on discount rate: (1) a higher level of education 
decreases the discount rate (Bauer and Chytilová, 2013); (2) there is no correlation between 
education and discount rate (Sauter and Mußhoff, 2018); (3) the discount rate remains low 
despite the diverse formal education (Harrison et al., 2002). Our study finds that male farmers 
have a higher discount rate than female farmers, on average, which is consistent with Bauer and 
Chytilová (2013) findings. Finally, we find a positive correlation between household size and 
discount rate, indicating that as household size increases, so does the discount rate. Studies 
mention that larger household size creates higher pressure on finances, and accordingly, the 
discount rate are also higher (e.g., Harrison et al., 2002; Liebenehm and Waibel, 2014; 
Tanaka et al., 2010). 
5. Conclusion 
This paper investigated and compared therisk attitudes and time preferences of farmers in two 
countries, India and Indonesia, where most participants lived in rural areas as full-time farmers. 
To investigates the preferences, we utilised two established elicitation methods: The Holt and 
Laury task to investigate risk attitudes and the Coller and Williams task to investigate the time 
preferences. We performed a joint-estimation-method based on Andersen et al. (2008).  
The Indian farmers were more risk-averse, on average, yet the farmers in our sample showed 
very mild sign of risk aversion. The Indonesian farmers showed a higher level of discount rate 
than Indonesian farmers. The farmers’ discount rate was extremely high while compared to the 
findings from previous studies. An extremely high discount rate depicted extensive impatience 
that potentially hinders farmers from participating in any long-term investment (Bauer and 
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Chytilová., 2010), resulting in poverty-traps and incapability to maximise margins from 
farming activities. Nevertheless, many types of new technologies that support rural area 
development (e.g., contract farming, environmental conservation, sustainable agriculture) offer 
long-term benefits (Lee, 2005; Stevenson et al., 2014). The long-term benefits stretch beyond 
the short horizons of farmers’ future planning, making them not appealing for farmers. To 
translate this into behaviour: farmers with a high discount rate may show low participation in 
specific agricultural programs. 
The finding of this research should provide a preliminary insight for policymakers to make 
informed policies for future development projects and the adoption of technology in agriculture. 
The two countries are currently experiencing structural changes, in which farmers’ risk attitude 
and time preference are important elements to predict farmers’ investment or disinvestment. 
Thus, policymakers should put farmers’ discount rate under consideration while implementing 
future policy or other development programs involving uncertain returns with long-term 
benefits (Harrison et al., 2005). For example, the farmers in the rural villages in India were 
surrounding a megacity and they interacted with urbanisation. Without financial support from 
governments or related parties, farmers with a high discount rate would likely prefer working 
in the city than staying in agriculture. This was because the agriculture sector only gave farmers 
income seasonally or annually. Furthermore, Indonesian farmers are currently experiencing the 
boom of oil palm production, in which the production is strongly related with degradation of 
environment (Grass et al., 2020; Wilcove and Koh, 2010). The idea of environmental 
preservation is an idealist thought which give comparatively far future benefit as it is a long-
term program. As we found in our study, the farmers showed a high discount rate and without 
a sufficient financial incentive, they might put aside the idea of environmental preservation.  
Regarding farmers’ average risk attitudes, the variable “age”, “education”, and “loan 
formal” were statistically significant with positive coefficient. The magnitude effect of the 
variable age on lower level of risk aversion is marginal, while the magnitude effect of education 
and loan from formal institutions were more profound. On the average discount rate, the 
significant factors were education, gender, and household size. Confirming previous studies, 
we also found that male farmers and bigger sized households were related with the higher level 
of discount rate, on average.  
Finally, it should be noted that the generalisation of the study results may have some 
limitations due to the diversity of culture and background within these two countries. India and 
Indonesia are remarkably diverse countries. However, the results can be useful primary 
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information for the policymaker, focusing on rural area development involving smallholder 
farmers. Thus, future research can extend this study by conducting similar research in other 
developing countries in which the structural changes currently occur to expand the results’ 
generalisability. It would also be of interest to extend this study by establishing a panel dataset 
of risk attitudes and time preferences in both countries. These panel data could be utilised to 
investigate whether risk attitudes and time preferences are changing over time.  
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V. General conclusions: findings, outlooks, and policy 
recommendations  
1. Paper-1 
In developing countries, the technology adoption in agriculture meets harder challenges due to 
poverty, limit access to information, and shortcomings in agricultural insurance. The challenges 
are aggravated by risk aversion and high discount rates. These circumstances hold farmers in a 
poverty-trap within the cycle: reluctant to adopt – being left out from innovations’ benefits – 
stay poor (Brick and Visser, 2015). Agricultural insurances can break this cycle, but they are 
not well established or unaffordable for farmers (Carter et al., 2017). These issues are 
potentially problematic as farmers receive the market’s pressure to produce sustainable food 
due to environmental issues. This creates tension for them to immediately adopt sustainable 
farming practices, especially when they produce a crop that receives global attention for 
environmental issues, such as oil palm.  
Market-based schemes for sustainable palm oil production is palm oil certification. In 
Indonesia, the two most common palm oil certifications are RSPO and ISPO. Many years after 
the certification implementation, farmers’ participation remains low. We observe that only 
4.25% of farmers in our sample knew or ever heard about the certifications. The effect of 
certification on the environment are obtained only if more farmers participate because farmers 
manage the biggest area of oil palm plantations (around 60%; Grass et al., 2020). 
Paper-1 investigates three policy scenarios to support farmers’ participation in certifications. 
Those are price premium (additional 50%), providing environmental information (land-use 
change in Jambi), and communication of group norm (revealing the group members). We used 
an ex-ante policy impact analysis to evaluate the policies’ effects in advance. To do so, we 
conducted a field experiment that involved farmers and observed their decisions regarding 
deforestation before and after the policies’ implementation. Following the negative framing 
design by Andreoni (1995), farmers were blindly and randomly grouped (four farmers per group). 
They were confronted with two choices: (1) conduct deforestation and make extra income, yet 
reduce income of other farmers in his/her group; (2) conserve forest and not receive extra income 
but potentially get income reduction from other farmers’ deforestation.  
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We find that price premiums and information about land-use change in Jambi successfully 
encourage farmers to conserve forests. However, to date, the price premium is not well-regulated 
and gives room for traders or mill companies to determine the price premium freely. For example, 
Hidayat et al. (2015) mention the price premium of 5%, but Von-Geibler (2013) mentions the 
price premium of 8 – 15%. Another problem is the insufficiency of the price premium to cover 
the extra cost for producing certified oil palm fruits (Hidayat et al., 2015). Hence, policymakers 
and related agencies should evaluate the current price premium. Chavas and Nauges (2020) 
mention that information about innovations’ benefits has important roles for adoption. Thus, the 
policymaker and certification agencies should consider emphasizing these benefits and provide 
sufficient information to farmers. Besides, this study suggests that non-monetary benefits such as 
the information of land-use change can be one alternative to increase farmers’ awareness about 
environmental issues and support their participation. 
Future research can extend Paper-1 by investigating the price premium at different magnitudes. 
Furthermore, as our study focused on discouraging deforestation, future research can extend the 
discussion by examining further Principles and Criteria (P&C) of palm oil certification, for 
example, good waste management or environmentally friendly pest control. Finally, future 
research can discuss the trade-offs between social and environmental issues or trade-offs between 
social and farmers’ welfare. 
2. Paper-2 
While the participation in the certifications occurred slowly, the diffusion of oil palm happened 
smoothly and rapidly despite the importance of rubber in Jambi. Paper-2 investigates farmers’ 
decision to cultivate two perennial crops and find that risk-aversion reasons the diversification. 
Hence, despite the reluctance of cultivating a new crop, the urge to diversify crops is stronger 
among risk-averse farmers.  
These results provide a preliminary insight for policymakers to either encourage or discourage 
crop-diversifications. If the policymakers encourage crop-diversification (support oil palm 
adoption), then establishing more mills/factories is necessary because oil palm fruits must be 
processed within two days. The government can provide training about allocating inputs and 
managing two crops efficiently. In contrast, when the government focuses on rubber production, 
then imposing floor prices or providing agricultural insurances during the rainy season are 
necessary. In addition, a rubber price policy should be enforced and evaluated, as apparently, 
the price is asymmetrically transmitted and creates a loss for farmers (Kopp et al., 2017).  
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Nevertheless, to promote or not to promote monoculture is a challenging topic due to 
environmental issues. The monoculture relates to deforestation, biodiversity degradation and 
transformation of environmentally friendly farming practice, i.e., agroforest (Gatto et al., 2015). 
Therefore, environmental sustainability should be considered if the government plan to further 
promote oil palm and rubber monoculture. Future research can conduct in-depth interviews to 
investigate the decision of crop-diversification. Besides, future research can extend the 
observations by involving farmers who switch entirely to oil palms. In this way, one can 
compare the risk attitudes and time preferences from three groups of farmers: cultivate one 
crop, two crops, and change crop.  
3. Paper-3 
The third paper investigates risk attitudes and time preferences involving farmers from India and 
Indonesia, involving 1,528 farmers. The involvement of the two countries were basd on several 
consideration, those are: (1) both countries are currently experiencing the structural changes, 
where farmers are slowly leaving the subsistence farming and producing cash crops (e.g., 
Finnis, 2006; Grass et al., 2020), (2) interm of population, India and Indonesia belong to the 
top four countries in the world, where the population growth are very high (37% for India and 
32% for Indonesia) and the poverty among small-scale farmers are still major (World Bank, 
2018), (3) both countries are currently deal with the rapid urbanisation, which potentially 
problematic regarding the poverty in the city and decreasing young generations in farming (Patil 
et al., 2019). By comparing the preferences, we could make a comparison whether the farmers 
preferences from two comparable countries are the same.  
From this study, we found that the Indian farmers are more patient than Indonesian farmers. 
Yet, the Indian farmers are significantly more risk-averse. To check the robustness of the finding, 
we pooled the observation and created a dummy variable named “country,” where country = 1 if 
India and country = 0 if otherwise. In this estimation, farmers’ socioeconomics and demographic 
backgrounds are included. Regarding the discount rate, the variable “country” is negative and 
statistically significant at 1% level. Regarding risk attitude, the variable “country” is positive and 
statistically significant at 1% level. These results confirm our previous calculation: Indian farmers 
in our sample are more risk-averse and have lower discount rates than Indonesian farmers. Hence, 
our results are robust.  
This estimation also observed some veraiable of farmers’ background which have 
implications on the analysis of farmers’ risk attitudes and discount rate. Regarding the risk 
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attitude, the variable “age” is positive and statistically significant, indicating that older farmers 
are more risk-averse than younger farmers. Variable “education” and “loan formal” are negative 
and statistically significant. These indicate that higher education and having a loan from a formal 
institution relate to lower risk aversion. Regarding the discount rates, the variable “education” is 
positive and statistically significant, indicating that farmers with higher education show higher 
discount rates. However, it does not mean that the policymakers should reduce farmers’ education 
to promote lower discount rates but to provide attention to the extremely high discount rates. 
Previous literature also found mixed relation between education and farmers’ discount rates: (1) 
higher education relates to lower discount rates (Bauer and Chytilová, 2013); (2) there is no 
relation between education and discount rates (Sauter and Mußhoff, 2018). We also find that the 
variables “gender” and “household size” are positive and statistically significant, indicating that 
male farmers and bigger size of household (more members / more children) correlated with higher 
discount rates.  
Future research on this topic is still necessary. For instance, Kollmuss and Agyeman (2002) 
introduce “temporal discrepancy,” stating that individuals’ attitude changes over time. Future 
research can extend this study by creating a panel dataset of farmers’ risk attitudes and time 
preferences in India and Indonesia. Using this panel dataset, one can examine whether the 
farmers’ attitudes are changing over time.   
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